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1. SCOPE
1.1 Project Identification

Project Title: LRO-LAMP: Flight and Ground Software

Project Number: 15-11239

Softwar e Project Manager: Maarten Versteeg

Start Date Phase C/D: 11/01/2005

End Project: 2/18/2008 (instrument delivery to GSFC)

1.2 Project Overview

Southwest Research Institute develops a UV speetenminstrument LAMP for flight on the LRO
mission. The LRO project is part of the Robotimhu Exploration Program and is being developed by
GSFC. The LRO spacecratft is planned to be launché&ttober 2008, for a basic 1 year mission. The
lunar mapping mission will be preformed from a 50, K13 minute lunar polar orbit.

The LAMP instrument will be almost identical to tAéice instrument that is being prepared for launch
on the New-Horizons mission to Pluto. The mostaht® extension to the instrument is a Lunar
Terminator Sensor (LTS). This sensor is used gy itfstrument to autonomously detect the lunar
terminator passing and switch the instrument betwae active and safe mode. Using this LTS is
possible to acquire science data close to the liegnarinator without very precise orbit knowledge.

1.3 Document Overview

This document contains the software users manuath® LRO-LAMP instrument. Although it is in
principle a software users manual, it describesyntdirihe instrument operational systems aspectheas
software determines many of these. The documenists on the software referred to as the flight
software (LAMP Flight Software - LAFS) but were de€ it will also include some aspects of the LAMP
GSE system and its software (referred to as themgtsoftware: LAMP Ground Software - LAGS). In
some cases, operational issues are mentioned thabriginate from the spacecraft or spacecraft GSE
level.

Chapter 2 of this document starts with a generatmjation of the function and operations of the RO
LAMP instrument; this provides a framework for instrument operations. This chapter also describes
some operational aspects and the relations bettheatifferent parts of the LRO-LAMP system.

The next chapter (Chapter 3) contains an overviethe instrument operations. This chapter dessribe
the general operations and is intended to providiécent context to enable understanding of theeno
detailed description focusing on details that mvaied in the next chapter (Chapter 4). This sthoodke

it possible to understand the descriptions givethat chapter for which no order could be found tha
would allow for sequential reading.

In a number of appendixes, the detailed descriptibthe telemetry is given including the compete
description of the low speed telemetry and thectatenands including parameters and operational
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effects. Also listed in Appendix F are the congenitthe internal stored parameter list, the megnirthe
stored entries and their initial and hard-codechditfvalues. The last appendix lists the erroresadhat
are used by the software to report problems ield fi the housekeeping telemetry.

1.4 Related Documents

Document ID:

11239-LAMP-SDP-01

Originator: Southwest Research Institute, San AptdixX

Issue: Release 1, January 2006

Title: Software Development Plan for LRO-LAMP Fligdhd Ground Software

Applicability: ~ Describes the processes and prooeslwsed for software development of the PERSI-
LRO-LAMP flight and Ground software.

Document ID:  11239-LAMP_SRS-01

Originator: Southwest Research Institute, San AntdiX

Issue: Revision 0, March 2006

Title: Software Requirements Specification for HRO-LAMP Flight and Ground Software

Applicability: ~ Describes Software Requirements Sfieation for LRO-LAMP Flight and Ground

Document ID:

software.
11239-LAFS_SDD-01

Originator: Southwest Research Institute, San AntdiX
Issue: Revision 0, Change 0

Title: Software Description Document LAFS software
Applicability: ~ Describes as build LRO-LAMP Fligho&ware.

Document ID:

11239-LAFS_VDD-01

Originator: Southwest Research Institute, San AptdixX

Issue: Revision 0, Change 0, February 2007

Title: Version Description Document for LAFS softearersion 1.00
Applicability: ~ Describes as build LRO-LAMP Fligho&ware.

Document ID:  PAIP-05-15-11239

Originator: Southwest Research Institute, San AntdiX

Issue: Revision 0, November 2005

Title: Performance Assurance Implementation Plan.®O-LAMP Instrument
Applicability: ~ Overall PAIP for LRO-LAMP

Document ID:

431-1CD-000106

Originator: Goddard Space Flight Center

Issue: Revision — March 2006

Title: LAMP to Spacecraft Data Interface Controlddment

Applicability: ~ Contains data interface descriptioetween Spacecraft and LAMP Instrument
Document ID:  431-ICD-000096

Originator: Goddard Space Flight Center

Issue: Revision — March 2006

Title: LAMP to Spacecraft Electrical Interface CaitDocument

Applicability: ~ Contains electrical interface degtion between Spacecraft and LAMP Instrument

Document ID:

11239-IRD-01

Originator: Southwest Research Institute, San AptdixX
Issue: Revision 0, February 2006
Title: Instrument Specification for the LRO-LAMP

Applicability:

Contains LAMP Instrument description
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Document ID:  11239-CDHSPEC-01

Originator: Southwest Research Institute, San AntdiX
Issue:
Title: Specification for the LRO-LAMP Electronics

Applicability: ~ Contains specification of the hardwaof the LRO-LAMP C&DH

1.5 Acronymsand Abbreviations

Acronym Explanation

A Ampere

ACQMEM Acquisition memory

Alice Previous UV spectrometer instruments, justfyra name
AnodeV Anode voltage

APID Application ID

bps bits per second

C&DH Command and Data Handling
CCSDS Consultative Committee for Space Data Systems
CM Command Message

CRC Cyclic Redundancy Check

DDL Double Delay Line

EEPROM Electrically Erasable PROM

EGSE Electrical Ground Support Equipment
EM Electrical Model

FIFO First In First Out (buffer)

FM Flight Model

GSE Ground Support Equipment

GSEOS Ground Support Equipment — Operating System
HK Housekeeping (data packet)

HS High Speed (Telemetry)

HV High Voltage

HVPS High Voltage Power Supply

HW Hardware

Hz Hertz — 1/second

I&T Integration and Test

I/F Interface

ICD Interface Control Document

ISR Interrupt Service Procedure

ITF Instrument Transfer Frame

kbps kilo bits per second (= 1000 bps)

kHz kilo Hertz = 1000 Hertz
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Acronym Explanation
kv kilo Volt = 1000 Volt
LAT Limited Angle Torque (motor)
LS Low Speed (Telemetry)
LVDS Low Voltage Differential Signal (high speederface specification)
LVPS Low Voltage Power Supply
Mbps Mega bits per second
MCP Micro Channel Plate (detector)
McpV MCP voltage
MET Mission Elapsed Time
ms milli second
NH New Horizons
OAP Off-Axis Parabolic mirror
LAFS LAMP Flight Software
LAGS LAMP Ground Software
P-Alice PERSI-Alice to distinguish it from Rosetdice (R-Alice)
PC Personal Computer
PERSI Pluto Exploration Remote Sensing Investigatio
PHD Pulse Height Distribution
PPS Pulse Per Second
PROM Programmable Read Only Memory
RAM Random Access Memory
S, sec seconds
S/IC Spacecraft
SMA Shape Metal Alloy (actuator)
SMM State Machine Mode (backup acquisition mode)
SOC Solar Occultation Channel
SRS Software Requirements Specification
SSR Solid State Recorder (spacecraft data storage)
STB Software Test Bed
Stripl strip current
SW Software
SwRI Southwest Research Institute
TC TeleCommand
TiNi Brand name of used shape metal alloy (SMA)atirs
™ Telemetry
pA Micro Ampere = 16 Ampere
UART Universal Asynchroneous Receiver / Transmitter
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Acronym Explanation
uv Ultraviolet
WPA Wax Pellet Actuator
XOR Exclusive OR (logical operation)

1.6 Notation Conventions

Wherever a specific reference is made to a Teleammna field in the Housekeeping packet (see
Appendix C), or a field in the Parameter file (#ggendix F), the parameter name will be preceded by
respectively ‘“Tc_’, ‘Hk_ " or ‘P_". Error codes anedicated by their name and are preceded by lcaserc
letters ‘ec’, all error codes are listed in Appendi.
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2. INSTRUMENT SYSTEM OVERVIEW

This section gives an overview of the LRO-LAMP mstent including operations and describes the
different software modules within the LRO-LAMP insinent system and their relations. The LRO-
LAMP instrument is part of the LRO investigatiorytthas an independent electrical and mechanical
interface with the LRO spacecraft.

To provide a context for the description of the t&afe and the interfaces, this chapter starts ath
overview of the LAMP Instrument. The LRO-LAMP spexneter consists of an optical system and the
controlling/power electronic hardware. To provida overview of the spectrometer functions, the
operational modes and the produced science datdraefly described. Next an overview of the
instrument electrical hardware is provided, as ithiseeded to understand the functions that thevao
has to perform. Finally, the interfaces of thghti software to the different hardware componengs a
described.

2.1 LRO-LAMP Instrument overview

An opto-mechanical view of the LAMP UV spectrometestrument is shown in Figure 1. The
instrument is a relatively simple design, consgstiri a telescope, a Rowland-circle spectrograptl,aan
electronics section. The telescope section con@if® x 65 mrhclear aperture off-axis paraboloidal
(OAP) mirror. The OAP collects the incoming lightat passes through the entrance aperture at the fro
end of the instrument and directs it towards theagce slit of a 0.15-m normal incidence Rowlandlei
imaging spectrograph. The imaging spectrographséain the spectrograph section of the instrument,
contains a reflective holographic diffraction gngtiand a UV-sensitive, solar-blind, 2-D open-stuiuet
micro channel plate (MCP) detector located on tbe/lBnd circle. This MCP detector utilizes a double-
delay line (DDL) anode readout array and an MCRagis composed of three MCPs stacked together.
The command-and-data-handling (C&DH) and deteckectnics (DE) section is directly behind the
spectrograph section next to the detector. Dualndant high-voltage power supplies (HVPSs) thas bia
the detector MCP stack reside in a housing cawtyird the OAP mirror.

The DDL detector system outputs to the commandeitd-handling (C&DH) electronics, pixel location
for each detected photon event consisting of atsglesnd spatial coordinate. The first (x) dimemnsi
provides the spectral location of the detected @haand the second (y) dimension provides one-
dimensional spatial information. The events aaeessed by the C&DH electronics. The C&DH is also
the controller of LAMP instrument; it receives coamas from the spacecraft, acquires data from the
MCP detector system, and returns telemetry to plaeecraft. Science data generation is performed by
the detector hardware but the CDH also controfsftiiction. The LAMP instrument has two acquisitio
modes (see below) in which the spectral/spatiah deim the detector is processed by the C&DH
subsystem.
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Figure 1: Three-dimensional view of LAMP with the top cover and baffle removed.
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All following descriptions assume a nominal opargtinstrument. The instrument hardware provides a
basic, hardware controlled, default pixel list d@sdion mode which is activated when the instrument
control hardware detects (multiple) successivetisoe) failures. This mode is called the State hiae
Mode (SMM), for a description of this mode the rerads referred to the instrument C&DH hardware
description.

Both optical elements (OAP mirror and grating) aeeh a single monolithic piece of diamond-turned
aluminum, coated with electroless Ni and polisheth@ low-scatter polishing techniques. The optical
surfaces are coated with sputtered aluminum andtegtive overcoat of magnesium fluoride (Al/MyF
for optimum reflectivity within the far UV (FUV) stral passband of LAMP (650-1200 A). Besides
using low scatter optics, additional control ofimtal stray light is achieved by the use of telpsdoaffle
vanes, and a low-scatter holographic diffracticatigg with near-zero line ghost problems. The tzps
baffle vanes also act to shield the OAP mirror froaombardment of small particles that can enter the
telescope entrance aperture over a large rangeaoiing angles. A zero-order baffle in the spectaph
section prevents zero order light reflected offgheting from scattering back to the detector.

For contamination control during flight, heatere amounted to the back surfaces of the OAP mirrdr an
grating to prevent cold trapping of contaminantse MCPs are themselves heaters; when high volgage i
applied to the MCP Z-stack, they heat up becausmulie-heating. This property can be utilized dyrin
flight to prevent cold-trapping of contaminants thre MCP surfaces. In addition, the detector has a
vacuum cover with a MgFwindow to protect the MCP and the Csl photo cagisoffom moisture
exposure during ground operations and integrafitns once-acting door will open at a suitable time
after launch when the spacecraft has had an adepesod of time for outgassing.



Southwest Research Institute 11239-LAMP_SUM-01
Rev 0 Chg5
Software Users Manual for the LRO-LAMP I nstrument Page 8

The housing structure of LAMP is machined from kdspiece of 6061-T651 aluminum, chosen because
of its strong, lightweight properties. In additicuminum allows for an athermal design, since both
optical elements (i.e., the OAP primary mirror @mdting) are also made of aluminum.

To protect the interior of the instrument duringgnd operations and test, a front aperture doarcidra
open and close by telecommand is included in th&BAdesign. This door is housed in the telescope
section of the instrument. To further protect thieiior of the instrument during ground handlingl an
testing, a red-tag cover will be used that attatheise front end of the telescope section.

S/C Power S/IC TM/ITC
Interface Interface
Lunar
I Terminator |«— Photons
Lvese || | cepH Sensor
Drivers "| Electronics |, l
T 7y Detectqr DDL Detector
Electronics |«
A\ 4
A
HVPS

Figure 2: LAMP instrument top level electronics blo ck diagram

All following descriptions assume a nominal opargtiinstrument. The instrument hardware also
provides a basic, hardware controlled, default Ipiise acquisition mode, which is activated wher th
instrument control hardware detects (multiple) sssove (software) failures. This mode is calleg th
‘hardware limp-along’ mode; for a description ofstmode, the reader is referred to the instrument
C&DH hardware description. Once this mode is atéd any software control of the acquisition
operation is disabled, until the instrument is t¢gewer cycle or S/C reset).

2.1.1 Science Operations

2.1.1.1 Detector and Detector Electronics

The LAMP instrument is a Rowland-circle imaging sfpegraph that uses state-of-the-art MCP detector
and UV optics technology. The telescope sectiomdes light entering the entrance apertures onto the
entrance slit of the spectrograph section. Liphat passes through the slit strikes a concave regpbic
diffraction grating, which focuses the LAMP passbbawavelengths onto the MCP detector.
Photoelectrons are created by the photocathodeialaia the front surface of the MCP Z-Stack anel ar
multiplied by the Z-Stack to create an amplifieduge cloud of ~10electrons/event that is accelerated
across a narrow gap to the DDL 2-D anode arraye miltiplication factor (or gain) of the detector
depends on the supplied detector high voltages allows the HVPS setting to be used as a gairraont
When this charge cloud exceeds a specified amplikenel set by the detector threshold, it will fegua
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valid detected event. In response to the eveatattode outputs signals that are converted bydtestr
electronics into a pixel location on the array.

LRO-LAMP Detector Gain

20080206 (19 °C, 4.5 kHz Maximum Countrate)
100% <>

N /',,H”'v

60% +

40% +

20%
0%7 & 0000 :A‘/

-4.10 -4200  -4300  -4400  -4500  -4600 -4700  -4800  -4900  -5.000
HV setpoint (kVolt)

Gain (normalized, %max)

Figure 3: LAMP detector multiplication factor (gain ) dependant on High Voltage

Thus the use of the word pixel refers to the remllocation where the charge cloud hits the andde
detector electronics encodes 1024 spectral pixkinots and 32 spatial pixels. For each event, the
detector also reports the amplitude of each chaugge as a six-bit number that can in histogramerize
histogrammed into a pulse-height distribution by @&DH electronics. The field-of-view (FOV) of the
instrument is such that six of the spatial rowso{®3 bottom) are not in the active field of viewtbe
instrument and are used to store the pulse-heigtat dlong with two detector electronic stimulation
pixels, both of which are used for electronic diegjits and detector health monitoring.

The LAMP instrument can process the detected mxehts in two different primary modes of operation
— pixel list and histogram which are described Weldn both acquisition modes, the hardware proviae
double buffer, one buffer is used for the curraatadacquisition, and the data in the other bufeseint to
the spacecraft. This makes it possible to perfoomtinuous acquisitions. In both cases scienca dat
transfer from the instrument to the spacecraft adur at a burst rate of 1 Mbps. The block sizthe
transfers is 32 kword, resulting in a transfer toraof about %2 second.

2.1.1.2 Pixel List Acquisition Mode

The main LRO-LAMP data acquisition mode is the Rligt acquisition; this mode is used for lunar
observations. In pixel list acquisition mode, tinstrument stores event data as it arrives from the
detector system. Each detected event is storadcomsecutive word (16 bits) in the acquisition ragm

In this mode the detector memory is used as a 32ot@tions deep list that can store 32,767 events.
indicate event information, the top bit of the wasctleared and the remaining 15 bits contain thene
information. In order to provide timing informatip“time hacks” are also stored in this acquisition
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memory. These time-hacks are inserted at a progedoie interval between 4 and 512 ms, and also take
up one word in the detector memory. For the timekh the top bit is set and the lower 15 bits pted
counter value. During a pixel list acquisitione thulse height data is discarded. When the adiguisi
memory is full or the acquisition is stopped, thefér contents is read out and a block of 32 k wak
sent to the spacecraft. The filling rate of thguasition memory depends on the actual event nadetlze
selected time hack interval.

2.1.1.3 Histogram Acquisition Mode

In addition LRO-LAMP provides a histogram acquisitimode. This mode is mainly used for calibration
acquisition operations and allows for long inteigmag to obtain observations of dim objects withhhig
signal to noise ratios. In histogram acquisitionde, the detector counts the number of eventsatieat
occurring at each of the 1024*32 = 32,768 (32 kxdtions” provided by the detector electronics aver
period of time (called an observation). Each efhistogram counters consists of a 16-bit numbecée

for each location a maximum number of 65,535 eveatsbe counted. When this maximum number is
reached during an observation, the counter is ngdoincremented and the corresponding pixel besome
saturated. By operationally selecting suitable osype durations (excessive) saturation may be
prevented. In addition to the spectral/spatiatdgisam, a pulse height histogram based on the pulse
height information that is provided with each dételcevent is acquired. For histogram operati@amall

area in the bottom row is reserved and 64 locatiwasused to store the counter for this histogrdimis
pulse height histogram is referred to as the pudsght distribution, and is useful for instantarebealth
monitoring of the detector MCP gain characteristicBhese counters are also 16 bits deep and, thus
provides for a maximum count of 65,535 events rer BVhen an observation is completed a single read
out results, in which each of the 32 k histograoatmns is represented as a 16-bit number.

2.1.1.4 Science data format and masking operation

The LAFS does not have direct access to the detegtnt data; this data is handled by the acqoisiti
hardware and stored in the acquisition memory alingrto the selected acquisition mode. Each detect
event consists of an event location specified apectral (10-bits resolution) and a spatial (5-bits
resolution) coordinate in addition to this the gmilheight’ of an event is determined (6-bits retsari).
The acquisition mode determines how this dataoiedtin the acquisition memory:

* In pixel list mode, the acquisition memory contaamisiresses of pixel events in sequence as they
occur. In Pixel List mode there is also a time kr{arspecial value) inserted into the sequence on
a periodic basis in order to provide event timinfprmation.

* In histogram mode, there is a mapping betweenilmtsin the memory array and pixel locations
on the detector. Each location is associated avithpixel, and contains the total number of event
counts for that pixel that has accumulated wittia integration period. A small area of the
memory (64 entries) is set aside to count the nummbpulse heights for each intensity, resulting
in a pulse height distribution.

Before any event is processed, a ‘hot-pixel’ filigr operation is performed. This filtering opeoati
allows for the exclusion of events from certainasr@f the detector array. Eight user definablerfil
masks are provided, and one fixed filter mask findd that masks the lower left corner of the digtec
(this area contains the header word and in histogmrode the pulse height distribution data.) The
hardware provided masks consists of rectangulasasith a size of 4 spatial (y) rows and 32 spéétia
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columns. Events that are registered within thesaaare excluded from any further processing, bedeh
events are included in the measured (raw) eventtate. The location of each of the 8 user defmab
masks is specified using a single byte. The tdpt8 of each mask specification define the spatial
location of the mask and the bottom 5 bits speitify spectral location. This means that the rectiang
filters can only be located at multiples of thaispective spatial (y) and spectral (x) sizes. filtex area
starts in the specified row and column and runaifbut not including) the next possible filter steow
and column.

Dimension | Data Hot Segment Filter/Mask
range specification | start possible start end location
byte location location
Spatial (y) 0-31 top 3 bits Axy D,4,8, ... 28 A*y+3
Spectral (x) |0-1023 lower 5 bits B2*X D,32,64, ...99 2 32*x+31

256 possible different positions of the hot-segment masks (filters), within the 1024 * 32 array of possible events

32 spatial lines

(rows 0-31),

8 possible start
positions for hot
segment filters

-
Fixed fil 1024 spectral lines (columns 0-1023); higher value means sharter wave length,
32 possible start positions for hot-segment filters

Figure 4: Hot pixel mask (filter) locations.

Upon system (hardware) reset, all user definaltler fspecifications are reset to zero, so the lonabf
the user definable filter areas correspond toittesdffilter in the lower left corner of the evemtay.

2.2 Software Test and Communication Configurations

The complete developed software suite for the LRXP project consists of two main parts. One of
these is included in the LRO-LAMP instrument, ahd bther one is located in the LRO-LAMP GSE
engineering workstation.

During the LRO-LAMP development and flight, diffetecommunication configurations have to be
supported. Final configuration will be the fligtdnfiguration in which the instrument is mountedtba
spacecraft and the spacecraft provides a TC/TM asmcation with the ground system. During the
mission when the spacecraft is in lunar orbit ghacecraft will not be in constant contact with gineund
system, but periodic contacts are foreseen. Dufiege contact periods, command sequences will be
uploaded and telemetry including science data balldownloaded. Outside these contact periods the
spacecraft will operate autonomously based on camdrsaquences.



Southwest Research Institute 11239-LAMP_SUM-01

Rev 0 Chg5
Software Users Manual for the LRO-LAMP I nstrument Page 12

I i
: EASSOSSGSE «—>| NH-EmBox [«—» LAMP Early test and :
! Software verification i
i t !
ll HS GSE . I
i| Linux :
i i
i e
il LavpiTos | fLRO | Fes Interface verification |
i| System SpaceWire and FM test I
i I/F Card :
i il i
| LAGS GSE i
i| Gseos 28 V Supply :
! i

|

i| siciTos ‘®‘ Spacecraft I&T and Flight support
(il

|

i

|

|

|

LAGS GSE
Gseos
R -
Blue boxes indicate GSFC provided equipment
Figure 5: Test and communication configurations for the LRO-LAMP system

During development, test and integration at theéowar levels, the communication between the LAMP
ground system and the LAMP instrument will use @asi hardware configurations as shown in Figure 5.
These different configurations support the diffétest and integration activities.

In addition to the available hardware platformsoéftware simulator of the processor (Keil51 simafat
is available to support the mission. This simuldteludes capabilities to functionally simulateeth
hardware that directly interfaces with the processos provides a basic environment for the execut
of the flight software. This simulator environmaevitl be maintained as it provides a platform tpgart
tests and it provides a very detailed visibility tok internal states of the processor. This sitoula
together with a software breadboard system (LAM&riment Interface Simulator (LIIS)) will form the
basis of the mission support system.

2.3 Hardware Operational Environment

2.3.1 Processing Hardware

Following is a summary of the hardware environm@ntvhich the LAMP Flight Software executes.
Refer to Appendix A for an overview and the LAMP DK specification for details about LAMP
hardware.

Here are the primary features of the LAFS execugiovironment:

* 8051 compatible micro controller, 4.000 MHz clock,
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» 32 kilobytes non-volatile memory: primary prograremory (PROM),

o 4*32 kilobytes non-volatile memory: patchable pragrand tables memory (EEPROM),
» 32 kilobytes volatile memory: general data mem®&tpiy),

» Circuitry for receiving telecommands (redundantimt@rface), with external interrupt,

» Circuitry for sending telemetry (redundant low r&td interface), with external interrupt,
» Circuitry for real-time timekeeping; including pedic and timesync interrupt,

» Science data acquisition memory (2* 64 kbyte(usa@QMEM) and control circuitry, also
generating the high rate science TM packets,

» Detector interface (including event counter, STlid. e

* Watchdog timer,

» Circuitry for acquiring analog housekeeping (statneasurements,
» Circuitry for controlling the system actuators (inting heaters).

2.3.2 Instrument Internal interfaces

An overview of the interfaces of the P-LAMP flightftware is presented in the software context diagr
shown in Figure 6.
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Figure 6: LRO-LAMP Flight Software Context diagram

2.3.3 Safety Configurations

For use during ground testing there are two reduintiardware safing mechanisms included in the
LAMP instrument. These safing mechanisms definearational mode, which is configured by means
of an external instrument red-tag safety plug. sThctuator Safety plug will allow for separate elivadp

of the primary and redundant sides:

» High Voltage safing plug (separate for primary asdundant HVPSs)
» Actuator safing plug (separate for primary and retiunt sides)

The four safing status signals are read by the LA®-Be reported in the HK data stream to allow
verification during ground testing. This statusorsly reported; it does not influence any (on-bdard
software control function.

2.3.3.1 HV safety configuration

The LAMP instrument has a hardware selected saé&atipnal mode in which the HV activation is
limited to a HV value that allows safe operatiortttd MCP detector at any pressure. This prevamnts a
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damage to the instrument during integration andd&ssed by unintentional activation of the HVP¥ (H
activation to voltage levels exceeding 1 kVolt @m pressure can cause arcing of the detectoratbut
some partial pressures arching can occur at ewegr leoltages). This operational mode is configurgd
means of an external instrument red-tag safety, piingich provides a separate control of either & th
redundant HVPSs.

This HV safing mode reduces the full-scale commsigdal for the HVPS. This HV safing mode does
not affect the HV read back values, so these widlbrback at the corresponding limited range vaiiues
read back values correspond to the actual voltagiethe reduced value). This means that the Hetgaf
checking cannot be activated in the HV safing madehe read backs will show the limited values:

* Mcp Voltage read back of the scaled down valuethgocheck verifying commanded
versus read-back HV will fail,

» Strip Current linear with Mcp Voltage results imdeback of scaled down value,

* Anode Voltage has a nominal operational value @ual00 Volt, at the reduced control

value of the HVPS the Anode Voltage regulation widk yet be active, so
a reduced value will be read

A consequence of these differences is that whenHYesafety plug is in place nominal systems
operations are not possible. The 'Mcp Voltage' tved'Anode Voltage' safety mechanisms will detect
non-nominal conditions and trigger the safety madm. To operate LAMP (for instance to verify

commanding sequences), the “Mcp Voltage” and tiede Voltage' safety checks must be disabled.

2.3.3.2 Door actuator safety configuration

The LAMP instrument has a hardware selected (cardiipn plug) safe configuration in which one time
door and valve actuators physically cannot be at#t. A separate safing for primary and redundant
actuators is available. This prevents these ane-tinechanisms from being activated unintentionally
during integration and test. Note that this saéetyfiguration does not affect the aperture dodneaters
from being operated (the aperture door will needgainlocked).

2.4 Instrument External (spacecraft) interfaces

Although the LAMP instrument has six separate imthelent redundant interfaces directly to the
spacecraft.

* Instrument power interface

e Time synchronization interface

» Low speed serial telecommand interface (TC)
* Low speed serial telemetry interface (TM)

» High speed science telemetry (HS)

* Instrument reset interface

2.5 GSE system overview

The initial LRO-LAMP Ground system configurationlwbe re-using the New Horizons-LAMP GSE
system. This initial LRO-LAMP Ground system wilbbresist of two PCs (seerror! Reference source
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not found.) with a custom hardware unit that constitutesspp@cecraft interface emulator. This emulator
will mimic all the redundant, physical high spebmly speed and power interfaces from the spacetraft
the instrument. One PC, the Science Acquisition(lPEAP), will handle the high rate science TM gtrea
from the instrument. This PC will be running untiee Linux operating system and will only perfornsth
high-speed acquisition function. The received remedata is stored in files that can be accessed
/distributed through a network interface.

|

Il LAMP ITOS < R LRO < s LAMP Interface verification :
: System SpaceWire and EM test !
i I/F Card :
[ l i
| LAGS GSE i
i| Gseos 28 V Supply :
! i
i

I| s/IcITOS ‘® Spacecraft I&T and Flight support |
'l System t i
! LAMP i
I l |
! i
| LAGS GSE i
i| Gseos :
' [
L =

Blue boxes indicate GSFC provided equipment

Figure 7: Overview LAMP GSE system (Engineering sup  port, Science processing separate)

In both the ITOS based test configurations aravshoAlthough both configurations probably nevel wi
exist in parallel connected to the same network filgure is used to indicate that both configuradiare
identical from an instrument GSE point of view. téally the right configuration is used to represaiht
configurations after the LAMP instrument is integghton the S/C as they are identical from the LAMP
instrument GSE point of view. The LAMP GSE systieridentical in both cases and receives the LAMP
related telemetry via a TCP/IP based network caiorec This LAMP GSE is based on the GSEOS
framework that was developed for the Rosetta amdherizons LAMP instruments.
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3. INSTRUMENT OPERATIONS OVERVIEW

3.1 Instrument Startup

Upon power on or software reset, the softwarestant performs a code check. Instrument power may
be applied either to instrument power bus A, busrByoth. The code check determines which code wil
be started, either PROM or one of the four EEPRQIges. If no problems are detected in the code
check of the PROM, execution initially starts in®R. After completion of this code check and clegri

of the memory, the various software modules at&@lided; this basic software initialization inclest

» Enter safe state (deactivate any actuator opejation

* Pre-set parameter table with hard coded (nominadatjpnal) values

+ Parameter table initialization (with majority vdiased values from EEPROM)
» Set discriminator to default value (based on patantable)

» Start the aperture closing operation (if enabletl@stuator power available)

After this, the nominal operations of the systeartsand the software starts generation of the teigm
data stream at a rate of one packet per second. fifBh telemetry packet will appear between 2 and
seconds after startup depending on whether annetsync pulse (1PPS) is detected during the system
startup.

The LAMP instrument can be in one of four statesl(iding powered off) at any time. Three of these
states are actually ‘operational’ states. Inijiadifter power up or a reset, the instrument villays enter
the Safe state. In the safe state the instruméhalways be idle, the HVPS, heaters and actuatolls

all be deactivated.

Watchdog reset *,
Software restart

Start
Acquisition

Power on,

Enter Safe State,
Safety trigger *

Power off

Start
Acquisition

Enter Checkout

Enter Safe State, o -
Acquisition Timeout*

Safety trigger *

* Autonomous transitions: all other transitions are commanded

Figure 8: Operational states, state diagram

Changes between the states can either be the m#sidteived telecommands or autonomous by the
instrument due to an unmasked safety trigger. dureent state of the instrument is always repoited
the housekeeping telemetry.
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3.2 Telemetry Generation

Every second after startup in nominal situatioe, ittstrument will generate a single low speed telteyn
packet. The gathering of the data for the teleynadicket starts immediately after the instrumeoéinges

an external sync pulse (1PPS). If no 1PPS pulsedsived by the instrument, the instrument will
continue to generate a single telemetry packetyeserond, now based on the internal instrumentkcloc
The gathering of the information either retrieve®imation from the hardware directly (where poleib
or in some cases retrieves most recent acquire (fimt measurements taking more time or periodic
measurements). This means that the reported heegielk) data may be up to 1 second old.

In each telemetry packet, the instrument reporsdribtrument concept of Spacecraft Time (MET). sThi
time is represented as a 32-bit integer numberifypeg the number of seconds that have passed since
some epoch. A 32-bit integer number allows thesifipation of a period of % = 4294967296 seconds
(about 136 years). Normally this instrument timé lae synchronized to the spacecraft time andvallo
for correlation of the instrument reported statith wpacecraft events.

The generated telemetry packet is transferred éosffacecraft in an ITF (Instrument Transfer Frame)
format. The generated ITF always contains a com@p@CSDS packet containing the instrument
housekeeping (APID 129 (=0x81)). In addition tsthhe LAMP generated ITF may contain a memory
dump packet. This memory dump packet is again 8@ formatted TM packet (APID 130 (=0x82)).
The instrument housekeeping packet contains thepleteninstrument state description including the
operation mode. A single packet was defined thatudes both the operational and the diagnostic
information needed during normal operations ofittsrument. Some additional diagnostic data may be
obtained by directly dumping selected instrumentmmigy areas using the available memory dump
command.

In addition to this low speed telemetry, the instemt uses a high-speed interface to transfer ssidata
from the instrument to the spacecraft. This transbnsists of raw science frames which are ah@2ks
word (16-bit words = 65536 bytes) in the LAMP caskEhese packets will be stored in the spacecraft
Solid State Recorder (SSR) memory file each frantiebe preceded by a 6 byte Spacecraft Time value
indicating when the frame was received from therimsent. These files will be transferred to ground
using a CCSDS based file transfer protocol. Higbesl science data frames are only produced during o
at the end of commanded acquisition operationsch Egenerated science frame includes a sequence
number counting the number of frames generateck dime last instrument startup; this number is also
included in the housekeeping telemetry stream atigvfior correlation between the generated science
data and the housekeeping data describing theimstit conditions during the acquisition.

3.3 Telecommanding

The instrument operations are commanded using af 28 separate telecommands. The instrument can
process up to one command per second. The accemad completion status of the command execution
is reported in the housekeeping data. The instnuwerifies incoming telecommands before they can b
executed; this basic verification includes a forraatl a checksum check of the telecommand. The
instrument has two redundant telecommand interfdmés within any given one second timeframe, the
instrument will only accept telecommands from agk@ninterface. Based on data received from both
interfaces and the status of the also redundan® HyRchronization signal, the instrument decideghkvh
telemetry interface to use.

In addition to this verification mechanism, thetimment implements two additional mechanisms to
protect the instrument from anomalous telecomman8sme commands are only allowed when the
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instrument is ‘not in the SAFE state’. In addititmthis, a number of commands have been declared
‘critical’. For LAMP this means that within a nonal 30-second timeout period a specific confirnmatio
command has to be received before the actualo@ittommand execution starts. During most ofithe
flight operations, this timeout is short and metret the confirmation already has to be issuedrbefo
confirmation of the acceptance of the command leas bbeceived on the ground.

The set of telecommands can be divided into thategories:

General operations — These allow for the complegsicb operational commanding of the
instrument. This includes setting and storing afap#eters and starting and
stopping of the science acquisitions. This setesen commands allows for
the full science operations of the instrument.

Manual operations —  Additional capabilities needddring commissioning and instrument
verification are provided by 15 additional telecoamds that allow for
extended command options. Some of these commaigsbe used for
science operations depending on the selected apebphilosophy.

Memory functions —  Software code management andnter@nce and additional debugging
functions are provided by three general purpose angfiunctions that allow
for verification, load and dump of memory blocks.

Table 1: Command execution checks

Action Checks Effect

Command « Command format and checksum!ncrement either command

acceptance verification, accepted or command rejected
counter,

* Allowed command state, Report error code if command

» Critical command confirmation, | was rejected

« Command parameter verification

Command « Check commanded results, Increment command executed
execution . counter when execution is
* Complgtlon of command completed successfully,
execution Report error code if command
execution failed

Whenever the instrument detects errors while agwgpt executing commands, an error will be repbrte
in the generated telemetry packet. This includegdantifier for the telecommand (if available) aad
general error code. The error code remains badpgrted in the telemetry data until another ersor i
detected or the instrument is reset. This simptenfof error reporting is limited to reporting angie
error per second. An additional mechanism implegmgna small error log is available for more
extensive problem investigation. The command dodany successful command is also reported in the
telemetry data so the telemetry registration candmsl to reconstruct the received telecommandge No
that the parameters of a telecommand are not iadlirdthis reporting.
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3.3.1 Acquisition commanding

The basic science data acquisition function of ith&rument is handled by two ‘start Acquisition’
telecommands. One starts the histogram acquismiode and the other the pixellist acquisition mode.
These two commands each have two parameters; fineslevhether the aperture door of the instrument
is to be opened for the acquisition, and the oplzameter allows for the selection of some testanod

All other acquisition parameters are controlledthy parameter list. This is a list retrieved fraon-
volatile instrument memory at startup. Once thgseeral instrument parameters have been set, these
parameters are expected to need little changethamdnechanism results in a very simple acquisition
commanding.

Once the acquisition start has been commandedingieument goes through an acquisition startup
sequence as listed in Table 2. A number of thessite this sequence are optional as they deperideon
current state of the instrument. This means that duration of the acquisition startup (although
deterministic) depends on the current state ofirtsgument. In any case, the actual acquisiti@ntisp
will start synchronized to the spacecraft synctration signal (next 1PPS synchronization pulse}hso
exact time of acquisition start is known and carplamned for. For some cases, it still may be uldef
configure the instrument before issuing the stequésition command.

Table 2: Acquisition startup configuration sequence

Step Parameter Duration
Set the discriminator level P_DISCRIMINATOR ~0seds
Command the pixel STIM P_Stim_Enable ~ 0 seconds

Set the pixel list hack interval counter (only | P_PIXELLIST_HACK, | ~ 0 seconds
used for pixel list acquisition)

Set all eight hot segment masks P_HOTSEG_1-8 €dnsis
Command the aperture door to the state telecommand Door control period
specified in the command parameter, wait for| parameter or
the control period if the indicated state of the ~ 0 seconds (if doof
door is not equal to the requested state indicated already in
requested state)
Command the HVPS to the specified level () | P_HV_LEVEL Ramp-up time
following the ramp-up algorithm specified in the or
HVPS module, the setup will only continue ~ 0 seconds (if HV
when the specified HV level is actually supply already at
commanded (reached). If the HV was already configured level)

commanded on before the start acquisition
command this step will not add any time to th
acquisition start processing

Clear acquisition memory N/A ~ 0.1 seconds
Initialize the acquisition timeout timer P ACQ TIMET ~ 0 seconds
For histogram acquisition initialize the exposur®_HISTO_EXP_DUR | ~ 0 seconds
timeout timer

¢
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Whether the aperture door is opened for a speadguisition depends on the operational procedures.
The aperture door could (remain) closed for SOQiaitipns to prevent any spurious light from erigri
the optical system through the airglow aperturar &rglow acquisitions, the aperture door hasdo b
open; this could either mean that the door is dgien all the time or only commanded open for the
airglow acquisitions. In either case in order tovethe aperture door one of the actuator bussmgdsh
be active; otherwise, any door commanding will haweeffect.

For pixellist acquisitions a science data framd bé generated whenever the acquisition memoryliif f
of data (photon and timehack events). The timakeés for this memory to fill depends on the seleéct
timehack rate and on the brightness of the obserbgebt. When an acquisition memory buffer is,full
the acquisition will immediately continue in thexnenemory buffer while the filled buffer is transfed
to the spacecraft and stored in the SSR. As thifebfull event is related to the number of detelct
event, it is not synchronized to the instrumenttisgnc. The transfer of the first buffer to thacgrraft
will be completed in about 0.5 seconds so in nomwoyerations the buffer will be available for
acquisition before the second buffer is filled. or Fhistogram acquisitions there is no such acdgaorsit
buffer full status, and the acquisition will contauntil a pre-defined exposure period has expitezh
the same action takes place as for the pixelliguia@tion and the acquisition continues in the selco
buffer while the first frame is transferred.

Nominally, the acquisition operation will continuegntil the instrument is commanded to ‘stop
acquisition’ explicitly. In addition, a timeout miganism is implemented that will also terminate the
acquisition mode when a predefined timeout periad éxpired; this mechanism may also be used to
command acquisitions of a pre-determined duratM#nen the acquisition is terminated, the data direa

in the acquisition buffer is send to the spacecr&fr a pixellist acquisition still, a complete B2vord
science frame is used even though it may only biajig filled. The used part in the pixellist fre can

be recognized either in the pixellist frame itse$f the data consists of all ‘zero’ events which wil
normally not occur in the data and will also beorted in the housekeeping packet. To command the
‘stop acquisition’ either the ‘enter safe state’'emter checkout state’ telecommand can be useth Bo
commands have the same effect in that the acquisi§ terminated. The ‘enter safe state’ will, in
addition to terminating the acquisition, also deeate the HVPS and close the aperture door (if kxbb
and actuator power available).

3.3.2 State Machine Mode (SMM)

The State Machine Mode (SMM) is a backup pixeHistuisition mode that is activated autonomously if
the software repeatedly fails. It is created twower from a catastrophic software or system eanar is
inherently more reliable as it doesn’'t need anyvemie to function and only a limited part of the
hardware is used. The SMM mode uses hardware edkefiicquisition parameters that were fixed at
instrument integration time. Therefore these patans probably won't be the optimal parametergHer
acquisition but it gives a chance to recover atlgart of the science.

The instrument software is protected from end-lesp by a hardware watchdog mechanism. When this
watchdog expires multiple times without the instemn being power cycled or hardware reset, the
instrument will enter the hardware controlled Stdtechine Mode (SMM) acquisition. In this mode the
instrument will perform a continuous pixellist acgjtion with hardware defined parameters and geaera
the corresponding pixellist science data frameghenhigh speed link. The SMM will only terminate
when the instrument is switched off. Note that argiration of the watchdog counter already incisad
non-nominal event; normal instrument operationsikhoever result in expiration of the watchdog time
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Table 3: State Machine Mode triggers.
\r/(\elsaécggdog gﬂd?;r,[?gr:n Condition Effect
>=4 16 sec Always Request instrument
power cycle via HK
flag
>=8 32 sec Double instrument | Activate hardware
power supply controlled SMM
acquisition
>=16384 18.2 hr Single instrument Activate hardware
power supply controlled SMM
acquisition

After entering the hardware controlled SMM pixdlié&quisition mode, the software is locked out from
any acquisition control. Software could still beseuting though but is will be limited to monitogin
hardware operations. In addition telemetry cotiltll®e generated which may instrument status {ha
low speed telemetry link), but this is no longequieed for the acquisition to continue. The hardbva
controlled acquisition performs a pixellist acqtitsi with fixed parameters. These parameters were
defined at instrument integration time and aretlsh Table 4. Activation of the HVPSs will notlfw

a controlled rampup, the HVPSs will immediatelydoenmanded to the full operating level.

Table 4: State Machine Mode (SMM) fixed operational  parameters

Parameter Fixed value Remarks

Commanded High | 175 (~ -4.95 kVolt)| HW configured value
Voltage Level
HVPS select both Actual HVPS activation dependshen
status of the instrument power busses

STIM on
Discriminator Level 43 (~ 0.5 Volt) HW configureadlue
Time Hack rate 4 ms

This watchdog mechanism protects the instrumem fidatal software failure by still providing a lied
acquisition mode. Operation software may trigépgs tnechanism intentionally by causing the watchdog
timer to expire multiple times. This provides farway to test the SMM mode acquisition. This
mechanism will fail to protect from a failing comnthchannel; whenever the commanding channel is
lost the software may still operate perfectly lugtjnot receive any commands. But this requirfedare

of both redundant Telecommanding channels.
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4. INSTRUMENT OPERATIONSDETAILS

4.1 Instrument Startup

After power up or reset, the software initially rsséaexecuting special code from PROM that based on
checksum verification determines which code is gdim be executed. The system has redundant code
storage in the form of one PROM memory page and EitPROM memory pages that can all contain a
complete executable code image. No copying of éedevolved as the code can be directly executed
from any of these five pages using page-switchiglware. No further selftest is performed at sfart

as no options are available to take correctiveoasti A selftest function is available in the norma
operational system that allows an operator to sel@dous test functions. Only after completingsth
code, the operational code is activated.

4.1.1 Startup Code Check

The system has redundant code storage in the féram®@ PROM memory page and four EEPROM
memory pages that can all contain a complete eablaitode image. The startup implements the gtartu
sequence as listed in Figure 9; this code attemopfind the first code page that contains correxiec
(starting with PROM and proceeding through the i6EPROM pages if needed). If all five-code storage
pages are flagged incorrect, execution startserPROM page as this has the least probability ofgoe

corrupted.
LAMP Power-

Check PROM
(Executing code)

yes
PROM OK?
Continue PROM
> Check
EEPROM page
yes
Next page Start EEPROM
yes
Last Page?
Continue PROM

Figure 9: LAMP Startup Code Check

The initial startup software first calculates thecksum over the complete PROM code that is gaing t
be executed. This check uses a byte-wisel6-bitotate checksum (same algorithm as show in section
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4.7) resulting in a 16-bit checksum. Each of ther  EEPROM pages stores it's own checksum (which
could be different when different code versions lraded). The checksum is calculated over the
complete 32-kbyte code memory excluding the laStiy@es. The first two bytes of these last 13@Hyt
are used to store the checksum itself (the remgiloications are used to store the 'non-volatileameter
lists in the EEPROM memory (pages 1-3) copies andcaatch pad during EEPROM memory testing
(page 4)). After selecting the code image to becated, the startup sequence continues with the
initialization of the different memory spaces ahd start of the actual (operational) instrumentvearfe

This code checking is not foolproof. This verifica relies on some code executing correctly folne t
PROM memory (which must be correct) but as th $snaller amount of code the changes for corruption
are less. To enable the check to run, some PRQd sbould be able to execute, but the requiredipart
very small (~50 bytes) compared to the completdiegin software. Also the check might fail besau

of a bit error in a non-essential code locationinathe checksum itself, but, after the systemaststl in
EEPROM, it is always possible to jump back to PRGde. Even though this startup code check uses
the less reliable memory as a backup strategyherRROM, it improves the overall chances that the
LAMP software will start. The current executingdeo (PROM/EEPROM and EEPROM page) is
reported in two fields in the housekeeping TM packe

When modifying EEPROM code (patch command), itakest to start with the last page and keep the
lower numbered pages as backup of the original PROMents (note: LAMP will be launched with five
identical copies of the flight software stored iR®M and EEPROM). These are created using the
‘duplicatePROM’ function, which copies the PROM tams to all four EEPROM pages). The
programming of EEPROM can only be performed whenRAFS is executing from PROM (see 4.7).

4.1.2 System startup activity timing

The next two tables show the results from simutegtiof the system during the startup phase. Thétses
show the time (in seconds) at which various a@isibccur during the startup sequence in a caseewhe
no errors are detected in the PROM memory. Ifrermeould be detected, the startup sequence would
take longer as additional operations are requoecttify the EEPROM code pages.

After simulation start, the instrument softwaresfigoes through the nominal startup sequence ¢iomgsis
of a PROM check and initialization of the memorgas. When this is completed, one of the firsoasti
are a number of early hardware initializationsuiahg the termination of any ongoing actuator atton
(including HVPS). This is visible in both case$:680 — Aperture control stopped”. This means that
complete internal startup is completed within 1s@é8onds. Next the parameter file is read fromgepa
of the EEPROM memory; this is shown when the safwswitches the EEPROM ‘memctl’ register.
After that, the aperture door is commanded to céssdefined in the used configuration file; doontcol

is activated for the (configuration file determifgubriod of about 1.8 seconds. The two preserdasdsc
show the effect of the absence of the 1PPS clocthersystem startup. If there is no 1PPS clook, th
instrument will, after waiting for some time and evhno 1PPS is received, start processing on the
internal clock. Note that for the simulated 1PR8va case, the simulation case shows a specifie ca
where the 1PPS happens at the same time whendtnentent power is applied. If power up occurs in
different phase timing may differ slightly.

The hexadecimal dumps in the simulations showdleaontents of the generated housekeeping packets.
These consist of the complete ITF packet with tingt synchronization byte changed to Ox 64 for
simulation control purposes.
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1PPS and clock message active No 1PPS or clock message

0.000 - simulation start (start 1pps & ime messa ge) 0.000—start smulation
1.000 - 1pps +time msg 10000 1.680 - Aperture control stopped (- S)
1.680 - Aperture control stopped (- S) 1.688 - memctl, switch EEPROM page (p0.0) to (p1. 3)
1.688 - memct, switch EEPROM page (p0.0) to (p1. 3) 1.697 - memct, switch EEPROM page (p1.3) to (p2. 3)
1.697 - memct, switch EEPROM page (p1.3) to (p2. 3 1.706 - memct, switch EEPROM page (p2.3) to (p3. 3)
1.706 - memct, switch EEPROM page (p2.3) to (p3. 3) 1.896 - Start Aperture control close
1.899 - Start Aperture control close 3.159 - TM transfer started
2,000 - 1pps, previous not acknowledged 3.197 - itf ransmitted (116 bytes)
2087 - TM transfer started 0x00: 64 fa 30 04 16 00 6d 40 00 00 20 21 00 00 00 fe
2.120- itftransmitted (116 bytes) 0x10: 00 00 00 00 Oc 82 ¢0 00 0059 00 0f 42 40 20 3
0x00: 64 fa 30 04 6b 00 6d 40 00 00 20 21 00 00 00 fe 0x20: 01 00 00 00 00 00 00 ff ff fe 00 00 00 10 00 00
0x10: 00 00 00 00 Oc 82 c0 00 00 59 00 Of 42 40 20 c3 0x30: 00 01 86 ca 03 04 00 00 00 00 7f ffff ff 0O 00
0x20: 21 00 00 00 00 00 00 ff ff fe 00 00 00 10 00 00 0x40: 00 00 02 00 00 02 00 00 00 Oc 00 00 66 66 68 68
0x30: 0001 86 ca 01 f7 00 00 00 00 7fff ffff 00 00 0x50: 78 7a 8266 0000001047 110048 8a09 cd 00
0x40: 00 00 02 00 00 02 00 00 00 Oc 00 00 66 66 68 68 0x60: 14 00 34143113157 9 b fd a8 ff 20 06
0x50: 78 7a 82 66 00 00 00 1047 11 €048 8a.00 00 00 0x70:01331334
Ox60: 0200 343 45 L 31517 9 fofd aaff20 8 3,687 - Aperture control stopped (1.791 5)
0x70:01335617 4.159 - TM transfer started
3,000- 1pps +time msg 10002 4,197 - if ransmitted (116 bytes)
3,087 - TM transfer started 0x00: 64 fa 30 04 7b 00 6d c0 00 00 20 21 00 00 00 fe
3.120- itftransmitted (116 bytes) 0x10: 00 00 00 00 0c 82 ¢0 01 0059 00 0f 42 41 20 3
0x00: 64 fa 30 04 05 00 6d c0 00 002021 00 00 00 fe 0x20: 01 00 00 00 00 00 00 ff ff fe 00 00 00 10 00 00
0x10:000000000c 82001 0059000027 1220 c3 0x30: 00 01 86 ca 03 fe 00 00 00 00 7f ff ffff 00 00
(0x20: 6¢ 00 00 00 00 00 0O ff fffe 00 00 00 1000 00 0x40: 00 00 02 00 00 02 00 00 00 Oc 00 00 66 66 68 68
0x30: 0001 86 ca 02 f1.00 00 00 00 7fff fff 00 00 0x50: 78 7a 82 66 00 0000 1047 11 0048 8a Oa fb 00
0x40: 00 00 02 00 00 02 00 00 00 Oc 00 00 66 66 68 68 0x60: 1900 3f4143f1 3157 9 b fd a8 ff 20 00
0x50: 78 7a 82 66 0000 00 1047 112048 82 08 45 00 0x70:02 1e b2 92
0x60: 1f 00 3f43 4511315 {7 9 th fd a8 f 20 2 5.160140 - TM transfer started
0x70:02 1e 34 5¢ 5.198099 - iffransmitied (116 bytes)
3,676 - Aperture control stopped (1.777's) 0X00: 64 fa 30 04 15 00 6 40 00 00 20 21 00 00 00 fe
4,000 - 1pps +time msg 10003 0x10: 0000 0000 Oc 82 ¢0 02 0059 00 0f 42 42 20 c3
4,087 - TM transfer started 0x20: 01 00 00 00 00 00 00 ff ff fe 00 00 00 10 00 00

0x30: 0001 86 ca 04 8 00 00 00 00 7f ff ff ff 0O 00

Note Simulation still needs to be rerun for the LFARASe this is still old simulation data

4.2 Telemetry Generation

The instrument generates both low speed telemetiyhggh-speed telemetry. Both are transmittedavia
redundant interface to the spacecraft. Data omagw and redundant interfaces is identical. The
housekeeping telemetry generation starts a fewnsiscafter power up and in nominal operations does
not cease until the instrument power is switchdd ®he high-speed science telemetry is only gdadra
when the instrument performs acquisition operations

The data handling system of the spacecraft withier influence the telemetry timing. For the lguvesd
data either all telemetry or a sub-sampled set lmeafprwarded immediately to the ground. In additio
this all telemetry will be recorded on the SolidtStRecorder (SSR) from which all or sections may b
later on selected for download.

4.2.1 Low Speed Telemetry Generation Timing

Note Simulation still needs to be rerun for the LFAbAse this is still old simulation data
After receiving a 1PPS pulse, the housekeeping stesks gathering the required telemetry data. Whe
the complete TM packet is build, the TM transfell wiart and sending of small blocks of bytes te th
TM FIFO will continue until the complete packet Hasen send. If the transfer could be sustained at
continuous transfer rate of 38k4 baud, the trandféne TM packets would be completed after:

Nominal TM packet (ITF header + HK packet) 132dsyt 30 ms
Data dump TM packet (above + MD packet) 280 bytes 68 ms
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In the system most tasks have a higher priority tin@ TM transfer task and, thus, the effectivagfer
time may be larger as the actual transfer will oégeunterrupted chunks. Note that in case a datap is
being generated the software in parallel to thelisgnout of a larger TM packet also builds the rdatia
dump packet so this operation also increases fheae execution load.

Note Simulation still needs to be rerun for the LFAb&se this is still old simulation data
On the actual instrument some measurements wefermed that confirmed the TM timing for the
nominal (idle) situation. In the software-simultenvironment a simulation was run with varioud®a
on the system the following values were found far TM transfer link usage:

Table 5: Low Speed TM transfer timing

Activity TM start delay gM tra TS TM SO EE
uration time
FM hardware measurement: times in seconds
idle 0.082 | 0.040 | 0.122
Simulation results: average times in seconds
idle 0.087 0.034 0.121
dump (memory) 0.147 0.180 0.327
idle 0.087 0.033 0.120
checksum 0.137 0.569 0.706
idle 0.088 0.033 0.121
testpattern 0.130 0.623 0.754
acquistion 0.088 0.033 0.121

Note Simulation still needs to be rerun for the LFARASe this is still old simulation data

TM transfer time (within 1 second frame)

idle
dump %
Checké;g@ EE-

testpattern g

acquistion %

0.0 0.2 0.4 0.6 0.8 1.0
TM link usage (during the second)

simulated time (sec)

Figure 10: Simulation results: Low Speed TM transfe  r timing
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In the dump phase a double effect is shown, bamteded TM transfer time increases and the load on
the system increases as the gathering of dathdéandxt dump packet proceeds. At the end of wtede
test pattern acquisition was started; initiallysthuts a very large load on the system during émeigtion

of the test pattern. Once the pattern generati@onsplete though, the software has hardly anytheftg

to do, and the situation is similar to an idle &iton. This situation corresponds to a normal &itipn
where the software after startup of the hardwaggiaition has hardly anything left to do.

4.2.1.1 High Rate (Science) Telemetry

The high rate science TM transfers from the insagoiio the spacecraft is almost completely corgdll
by instrument hardware; the software is only inedlvin controlling this interface indirectly during
acquisition control. The software controls thertstand stop of acquisition operations and in cdsa o
histogram acquisition the exposure time. In pigekcquisition mode, the rate at which the actjoisi
buffer is filled is determined by the observatiod@he selected time hack rate. Science dataférgns
will occur whenever and acquisition buffer is fille The data transferred via this link from therimsent
to the spacecraft always consist of complete franie€32768 16-bit words. After storing this datatle
SSR, the spacecraft will take case of sendingdéta to the ground for this transfer the scienaeés
will be packaged into a large number of CCSDS fearnsackets.

Transfer of a single 32 kword (16-bit) science feawia the serial LVDS interface to spacecraft data
handling system takes 17 clock pulses for eachitlé4wd to transfer. At the 1MHz clock rate this
results in a complete frame transfer time of: (6432768 / 1IMHz = ~0.5 sec.

The CCSDS packets used by the spacecraft to trathefescience data to the ground can contain up to
480 bytes. This means that to transfer a comgletecompressed) LAMP science frame 137 CCSDS
packets are used.

4.3 Telecommanding

Telecommands are sent to the LAMP instrument irdéta field of command message ITFs as described
in Appendix B. Both telecommands and time synctzation messages are send via this interface in the
ITF format to the instrument. In nominal operafithre spacecraft will every second send a time aggss

to the instrument and up to one telecommand magenel every second. The section continues with
some general description of the two formats andptibeessing of the two message types followed by a
detailed description of the processing appliechtihcoming data stream. This description is cempl

as it both needs to deal with input from the redumidnterfaces and needs to be capable of handling
numerous error conditions.

4.3.1 S/CTime Message

Each second the spacecraft data handling systensemitl a Time Message to LAMP via the serial RS-
422 interface. This Time Message will be trangféras an ITF formatted packet. This message will
contain the S/C time that is valid at the next tegachronization pulse. The transfer of the tinessage

will be completed not later than 50 millisecond$obe the next time (sync) pulse. The messagefdata
the S/C Time Message is shown in Table 22. Thealizhe S/C time message is fixed and the message
length field in the ITF is always 5. Under off-nim@l conditions, the S/C C&DH may stop sending the
S/C Time messages.
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The time message together with the periodic symshation pulse is used to synchronize the instrumen
clock. In addition, the time message also cont#lires ‘memory dump’ allowed flag that determines
whether the instrument is allowed to include menthrgnp data in the next generated telemetry transfer

4.3.2 Instrument (Tele)command Message

The general structure of the LAMP telecommandsageld on heritage from the New Horizon mission as
shown in Table 23, but LAMP does not verify thel82CM checksum field. The number of command
words and the meaning of the values depend onptheific command as specified by the Op-code field.
Two commands are special in that the spacecraiftatethe op-code and structure; they are the memory
load and memory dump telecommand. For LAMP, tlvesemands are described / executed just like any
of the other telecommands.

LAMP uses a compact command set with 25 differefecommands to control the operation of the
complete instrument as listed in Table 29. Eactos#, LAMP is capable of handling (starting
execution) of a single telecommand in additionht® time message. For commands for which the timing
is critical, like the acquisition command, the attaperation will start at the next sync pulsegssumed
pulse if no real sync signal is available).

Except for the memory function related telecommaraiscommands are small and require either no
parameters or only a single word. So, the ovet#dMP telecommand size for the nominal
telecommands is either 8 or 12 bytes. The memangtfon telecommands though are not meant to be
used during nominal (science) operations.

Telecommands that can be executed immediatelytaidake hardly any time will be executed directly
by the task that receives the telecommand. Sol@eot@mands take inherently more time to execute, fo
instance because the command generates multipl@meatamp packets or includes extended hardware
activation. In these cases, the telecommand regeprocess verifies the parameters and activaies t
processing of the telecommand by a separate tagkn this point on, the telecommand processing task
is ready to receive (and process) a new telecommand

4.3.3 Command Processing

The overall command processing is a fairly compfarction as it both handles the redundant
telecommand channels and it also deals with ther etetection and recovery. Also included in this
processing is the general command processingsharformed before the actual command is executed
after being dispatched to the appropriate module.

The telecommand dispatch and processing is not ndepé on the occurrence of the clock
synchronization pulse (1PPS). Most commands darén require any form of synchronization and are
executed immediately; only the acquisition star atop are synchronized. This independence of the
synchronization signal means also that the instninme principle can handle multiple commands per
second as long as the internal 256-byte softwaffebdoesn’t overflow and the command processing
doesn’t take more time than available. This mehas the instrument can easily handle multiple sampl
commands for which the execution is nearly instasb@as or even that a ‘start acquisition’ command
together will the required ‘confirm critical’ commeé could be send to the instrument within a onersec
timeframe.
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4.3.3.1 Redundant channel handling

The software is initially listening for the commamgut from either serial channel. As soon asnglsi
byte is received from a channel, this channel besothe active channel and the data from the other
channel is discarded (see Figure 11). This init@hdition may be overridden by a selection in the
parameter file that disables a specific channetase of known problems. Once a telecommand is
received and handled, the input processing remairtie same state (listening to the selected active
channel) whenever the S/C communication remainsimadirmeaning that the synchronization pulse is
received on the same side as the telecommand.

The detection of a command error may occur at uarievels within the telecommand decoding function.
Whenever the synchronization signal disappearderattive side or too many errors are detecteddn t
received commands, the input processing restadlf to the condition of listening to both sideghis
selection process results in a smooth switchovéwd®n the primary and redundant telecommand
channels without the need for an explicit resethefinstrument both in the presence (nominal casd)
absence of the spacecraft synchronization pulseyvarview of the handling of the different nomiraid
non-nominal TC cases is shown in Table 6.

Startup | | TcReset | After ‘Error’ handling
Error handling includes counting of when both channels
consecutive errors per channel and became disabled
disabling channel if a specified /
maximum is exceeded. A
If both channels become disabled Reset channel enable(s)
an overall TC reset will follow and error counters

1
Wait for first
byte from
enabled
channel(s)

Timeout:
Cmd incomplete

Error: 1% byte on 1% byte on
ITF checking primary redundant
channel channel

2 3

Timeout and Wait for TC Wait for TC
Non-nominal completion completion
Sync from primary from
channel redundant
channel

Cmd ITF Complete: 15" byte on .
Execute Cmd primary Same handlllng on
channel redundant side

4
Wait for first
byte from
primary
channel

5
Wait for first
byte from
redundant
channel

Timeout and
Nominal Sync on
primary channel

Figure 11: Primary - Secondary command processing
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Table 6: TC processing behavior

Situation Behavior Switchover time

Nominal situation, TC and | Telecommand acceptance Direct (next second)

Sync active on a single follows active channel

channel

No sync, TC on either Telecommand acceptance Channel retention timeout

channel follows active channel (few seconds)

Commands on both channels First detected byterdigies Channel retention timeout
active channel, remainder of datgfew seconds)
from inactive channel is

discarded

Sync only on other channel Telecommand acceptance | Channel retention timeout
follows active channel (few seconds)

Partial command After command timeout the | Not applicable

system returns to the waiting for
initial by state

4.3.3.2 Character (Byte) input processing

Telecommand processing starts with data bytes bedogived by either one of the hardware receive
UARTS (see Figure 12). These UARTS includes ayi@-mternal hardware FIFO buffer. This buffer is
smaller than the maximum size telecommands (meroay telecommands can be up to 144 bytes + 7
bytes ITF header in size). The software (ISR TMTgEdvides an additional buffer function that
decouples the command processing from the inpedusir This software task (indicated by a circlenm
diagram) that handles the input from the UART amdgs data from a single source at any given moment,
determined by the current active side. This saftwia able to transfer the full rate input (tramsfat
38k4 baud resulting in a maximum of 3840 bytesggeond) into the internal software buffer.

The worst-case arrival time of the telecommand ©@te38400 baud is once every 0.26 milliseconds; th
means that the hardware FIFO can buffer little &varilliseconds. Within that period the softwaeges o

be able to transfer the received data to the softwaffer. This second level software buffer ipatale of
storing 256 bytes corresponding to worst-case @bsetonds of data. During nominal operations this
maximum should never be reached though, as onlytelaeommand and one synchronization message
are to be handled every second and their maximaes sire smaller than the available software buffer
size.
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UART A
\A Buffer decouples

256 byte buffer input data rate from
UART B / data handling

Only one source used
at any moment

tcHandleByte
ITF Frame
processTimeMessage / \processTc
TimeMessage TeleCommand

P i

Dispatch to separate modules: tcCommand
Figure 12: Command input handling

4.3.3.3 ITF reassembly and checking

The software (Tclf task as shown in Figure 12) seawles the stream of received bytes into the ITF
transfer frames using a state machine. This staighine decodes the synchronization pattern and the
following ITF header bytes and then reads as mayigsbas indicated. If the telecommand is not
completed within a specified period, the decodinges out and the decoder returns to its initialesta
Received ITF are checked before being accepted.cfiicking includes the following verification:

* ITF message type
e Telecommand (ITF) checksum
ITF message size

Once a complete ITF frame has been received theepsong determines whether a time message or a
command message was received. Received time nessasg used for the instrument Clock function
(see 4.4.3) where the received data (time and dalloped status) is used for the time synchronizatio
Received telecommands are further checked and fdesato the appropriate module for processing.
Additional checking of the telecommand packageudes:

ITF length versus indicated command length
Valid command opcode
* Indicated length versus expected command length

The command checksum is not included in this clieck correct command package. In case a problem
is detected, the command decoding is aborted, pnoppate error message (see section 4.4.2 and
Appendix G) is generated and included in the teteym#ata and the system starts waiting for the next
command.
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4.3.3.4 Critical command processing

The LAMP instrument provides two levels of commasedification to prevent erroneous commanding of
conditions that might cause damage to the instramdime first level of protection is provided byeth
operational state selection; not all commands Hogved in all states. In addition, a ‘critical'mmmand
mechanism is used that requires confirmation fotage types of commands. These critical commands
are different from the critical commands mentiomedhe ground system; there the critical command
system prevents sending command to the spaceatéfthat operation is confirmed.

!

@ommand receivedj:

incorrect correct

Store
Report ITF / command and
TC error no parameters
yes -
no -
Restore Report
command and timeout

parameters

!

Start command
execution

error

Report confirm error

Figure 13: Critical command handling flowchart

Commands that are marked as critical such as ‘dpening’ and ‘high voltage activation’ are related

the safety of the instrument. These commands mreguiwo-step commanding process before they are
executed. After receiving such a critical commamdcution doesn't start immediately but the comanan
is initially stored in an internal buffer. Onceetltonfirmation command (a separate telecommand) is
received within the timeout period specified in tpe@rameter file (P_CMD_TIMEOUT), the command
execution will start. If no confirmation is recety within this timeout, a confirmation is receivied the
wrong command or another command is received, ritialicommand will be discarded. This failure
will be indicated in the housekeeping packets. ufdgl3 shows a flowchart to illustrate the basic
functionality of the critical command handling.

4.4 General Instrument operations

4.4.1 Instrument state

In the previous chapter the instrument states \aeady described and a state transition diagram wa
presented (Figure)8 Here the states (Table 7) and the state transit{see Table 8).are described in
more detalil.
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Table 7: Operational states
State ™ Power Description
Off N/A Zero Instrument not active
Safe Only HK TM Minimal HV and heaters off
Acquire | HK TM and Nominal (HV active), | HV On (but level may be set
Science TM may include initial door to zero) automated safety
opening/closing checking active, acquisition

hardware active (heaters may
remain at commanded

setpoint)

Checkout | HK and Memory Dump | Varies, HV, door Used during test, verification
TM (memory dump operations, actuator | and commissioning, manua
packets are only included and/or heaters may be| commanding, safety
when requested and wheractivated checking active (when HV
allowed by the s/c) activated), heaters may be

commanded on

Table 8: State transition actions

Transition Allowed Actions
Safe to Checkout Only when safety timeout is | Clear reported ‘last active safety’
Safe to Acquire not active (or override is
active)
Checkout to Acquire always None (acquisition seapart of the
command processing)
Checkout to Safe always - HVPS off,
Acquire to Safe - stop actuator commanding,

- stop heater control,

- close aperture door (if enabled and
actuator bus powered)

Acquire to Checkout always None, posting the syocized
acquisition stop is part of the command
processing

4.4.2 Error reporting

The housekeeping packet includes three countetsirtiecate the acceptance and execution state of
received telecommands. One of these two countiireeweceived whenever a telecommand is received.
In addition, an executed command counter is redatttat will be incremented whenever a command
successfully completes execution. Whenever thextefl command counter is incremented, or when the
executed command counter is not incremented afteoramand was accepted, an error would be
reported. There are also some other cases whams epuld be reported that are not directly reldte
execution of telecommands.
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Two error-reporting mechanisms are implementedéninstrument. In each generated TM packet (and
in the non-packetized telemetry) the most recentealed error and, if applicable, the related
telecommand are reported. In addition to this raaim a 16-entry circular buffer error log is

maintained.

4.4.2.1 Most recent error reporting
The housekeeping packet contains the followingl§iel

e TclLastFailCode- last reported error code,
» TcLastFailed - last failed telecommand.

These two fields will be updated whenever a newrds detected. The last failed command code is a
one byte field that contains the low order bytdhef command code that caused the problem. In some
cases, for instance, when errors are not direeligted to telecommands being executed, or when no
telecommand was yet recognized, only the error €itet will be updated. The error codes used &y th
instrument are listed in Appendix G.

The same error codes remain reported in the hoap#ig packet until either another error is detected
when the instrument is reset. When multiple erevesdetected in the same one-second period, oaly t
last error code will be reported. After power on lfardware reset) the last failed command wilkéeto
‘no command’ (special code ccNO_CMD = 0xff) and #@reor code will be set to indicate the power up
reset state (special code ecNO_ERROR_INITIAL = pxfBoth error reporting fields are reset whenever
the instrument receives the Tc_ RESET_TC_STATUS camin In that case, the error code will indicate
the reset state (special code ecNO_ERROR_RESETd}. OXhis error reporting mechanism in addition
to the three ‘command’ counters should be sufficien‘nominal’ error status reporting.

4.4.2.2 Circular error log

To support additional error investigation, the iastent implements a circular error log. The cotgerd

the buffer may be dumped using the available merdargp command. For each detected error, this log
contains time of occurrence, the error code andesstatus information. The error log uses the same
basic error codes as reported in the housekeepitag d he error log provides a way to investigatease
multiple errors per second are reported or when albthousekeeping packets are available for
investigation.

To keep the mechanism simple, the size of the lairdawffer is limited to the size of one memory gum
packet (128 bytes = 8 entries). The error logptaied at the fixed address 0x8200 in normal memory
data space (DATA).

At startup the circular error log is initialized titime values 0x46726565 (‘Free’) and no errorecod
(ecNO_ERROR_INITIAL = Oxfe). The error pointerirstialized to the first entry. The error pointer
never reset during nominal operations. When a BESERI _TC_STATUS is executed an additional
special entry is added to the log (special cod&tGedERROR_RESET = 0xfd). In any case the next
entry to be used in the error log is indicated Ispecial entry (ecNEXT_ERROR_LOG_SLOT = 0xf8).

4.4.3 Instrument Time
The instrument maintains a Spacecraft Time withesolution of 1 second, but stores the received

fractional time for reporting. The instrument doed maintain the time with a higher accuracy tbam
second, although a number of operations are synide to the received 1PPS pulse. In hormal bée, t
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time is synchronized to the spacecraft MET by mezribe time message and the 1PPS synchronization
pulse. The LAMP instrument was designed such plreaformance will be gracefully degraded when
either or both of these mechanisms are unavailadfethe 1PPS pulse becomes unavailable, the
instrument will start generating an internal (asedjrclock event that is derived from the X-tal dator

and use this for all internal timing. The time w@ge also transfers the memory dump allowed fiag fr
spacecraft to the instrument. If no time synchration message is received, the MET value will $imp
be incremented at the next 1PPS pulse (real ormeshu

The instrument concept of time consists of a 32Z:biinter that counts the seconds since some given
moment. A 32-bit integer number allows the speaifon of a period of 3 = 4294967296 seconds
(about 136 years); this should be enough for eveaxéended mission. In the nominal operationee i
update is received every second the time is redefirmm the spacecraft in a time message; the value
reported in this message becomes valid at thefdillsiving synchronization pulse. The module does
check the received time message for any specifieevar range; any received time value is accepbed a
will become active at the next synchronization pul§Vhen no time message was received in the second
before the synchronization pulse, the current tiaeie will simply be incremented. This means that
case the time message generation ceases the iastrumll still report incrementing (unique) time
values. If no time message is received after atiiment reset, counting will restart from a fixedue
(2000000).

4.4.3.1 Clock synchronization

The clock synchronization is a very simple softwksk that spends most of its time waiting for the
synchronization signal (1LPPS). If this signalésaived, the instrument time will be updated; thisans
that either the time value received in the lasbedc(time message) becomes active or that the time
counter is simply incremented. In addition to ttise update, the received 1PPS pulse is also wsed
synchronize the start and stop of acquisitions.

Whenever no synchronization signal is receivedraftewaiting period (consisting of the 1-second
nominal time and a 100 millisecond margin) the eystassumes’ a missing synchronization signal and
the time update (and acquisition synchronizatignfriggered in the same way. After this, the safav
starts using an internal generated synchronizatignal that is generated every second to trigger th
Clock module. This internal generation is term@tbtvhenever a new external synchronization signal i
detected. To prevent synchronization events orwuio close together (when transitioning from the
internal to the external synchronization) the firsteived external synchronization pulse is disedrd
before the nominal synchronization processing suimeed. Note that there is no provision to recover
from too many synchronization signals being reagivelhis anomaly is considered too unlikely to
validate the increased complexity needed to hathilie

4.4.4 Parameter storage

The instrument software includes a parameter filat tstores a number of parameters that control
instrument operations. For parameters that onbasionally change, this mechanism allows for small
telecommands while still providing operational flahty. To facilitate operations, this paramefie

was implemented as a general mechanism that stifesf these constants in one location. The
parameters in this table are listed in AppendixThe contents of the parameter file are loaded diata
memory from EEPROM memory whenever the systemagest or restarted (see Figure 14) and these
values in RAM are used during operations. At ametafter that, individual entries in the paramdiler
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can be altered by command (Tc_SET_PARAMETER). &lemnges to the table values only affect the
values stored in this copied (active) table. Andeato the table can be made permanent (persigtent)
first changing the value in this table (Tc_SET_PAWATER) and then commanding a parameter table
store operation (Tc_STORE_PARAMETERS) that coples durrent RAM table values into the three
redundant EEPROM tables. At any time a reloadhef data memory version of the table from the
EEPROM memory can be commanded (Tc_LOAD PARAMETERSStoring the table to its power up
default values.

The physical storage location of the redundantmatar memory is at the end of the last three ofdbe
EEPROM code pages. At the end of each of thesespagmall area of memory is reserved for this
parameter storage. The three copies are thusdsgimeaughout the instrument memory and are nanhall
one location. Whenever the parameters are loaged the EEPROM memory into the data memory
system start-up or explicitly by telecommand, siggife 14), the values from all three tables arel eead

a three-way voting mechanism is used to deternfiaecorrect value. The following Table 9 shows how
the system handles the different voting situatioReporting of possible problems will use the comda
failure code as defined in the housekeeping pdeketLAST_FAIL _CODE, see also Appendix G).

PAFS start-up or Non-volatile

Tc LoadParameters Parameter

List 1
Tc SetParameter
Current Non-volatile

» | Parameter Parameter
List List 2

+—>
Non-volatile

Parameter use by Parameter

PAFS List 3
Tc StoreParameters

Stored in Stored in
RAM EEPROM

Figure 14: Parameter List storage and transfer

The 'permanent’ version of the tables is storddERROM memory. This memory can only be modified
a limited number of times (hardware componentgated for 10000 page mode write cycles (see section
4.7.2), so it should be more than sufficient fog tiominal mission operations). To keep track ef th
number of modifications made (write cycles), anitldal count value (P_NumberOfModifications) is
maintained in the table as the last entry. As pafrtthe commanded table store operation
(Tc_STORE_PARAMETERS), the current count value Ww#l incremented so this entry always stores
the number of performed write cycles. This teleo@mnd can only be executed when the system is
currently executing code from PROM. This is a ek limitation, as otherwise the code executioh wi
conflict with the EEPROM write operation (see saci.7).
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Table 9: Parameter File majority "Voting"
Voting Case PAFS Action
All 3 agree Use the value for the parameter
Two agree Use the value of the two tables thateafpe the parameter
value, report the problem
All 3 different Don’t change the parameter value, tg SAFE state, repoft
the error

The system implements a mechanism to verify theeaticontents of the parameter table. In order to
limit the required telemetry bandwidth, a singlgtébsize) parameter is reported in each housekgepin
telemetry packet (Hk_PARAM_VALUE). In order to iaéy the current reported parameter value; the
index of this value is also included in the housgkeg telemetry packet (Hk_PARAM_INDEX).
Reporting of a specific parameter can be requestgdspecifying the requested parameter by
telecommand. This parameter is stored in an enttigeé parameter list so the parameter to be reegiést
specified by the 'SetParameter' telecommand. rHsiglts in reporting the requested parameter istarti
with the next telemetry packet. This reporting towres until a different parameter is selected. To
facilitate verification of all the parameter valu@sg. during testing) a special value is definegcic
reporting = Oxff) which will command the reportingf all the parameter values in successive
housekeeping packages. In this mode, the idesiidic of the current reported parameter value
(Hk_PARAM_INDEX) cycles through all the parametanslices. Again, this reporting will continue
cyclical until a specific parameter is requestéd addition to this the available memory dump comcha
can always be used to get a shapshot of the caanptettents. Either the current active table that i
stored in DATA memory at address 0x8300 or onenefrion-volatile tables stored at address 0x7f80 in
the first three EEPROM pages can be requested.

The system also supports a directed read in whiplarameter of the 'LoadParameters' telecommand
specifies from which of the three tables the datukl be loaded. In this case only a single tablead

S0 no voting is applied. This operation is onljeided for non-nominal operations where the system
operator needs to circumvent known problems or si¢ederify separate memory banks. In addition to
this the table can also be initialized with ‘haailed’ values, this loads default values from PROM
memory into the table; these values are the sanuewdhat are used to initialize the table beftwe t
initial ‘start-up’ load is performed.

4.45 Aperture Door Operations

After release of the launch latch, the airglow &er door can be operated multiple times during the
mission. A simple Limited Angle Torque (LAT) motoroves the aperture door. Two read-back sensors
are used to determine positively if the door isyfalpen or fully closed. Control of the door usesery
simple open loop mechanism. To operate the daocdmtrol is always activated for the parameter fil
specified control period (P_DOOR_CONTROL, nomina &ec). No feedback from the reported door
state to the door control function will be implertesh(open loop control).

The door sensors use optical switches; in ordémib power consumption, the optical switches angyo
activated when a door measurement is needed. sa@hi® sensing system is also used for the detector
door position switch. The system determines thatipm of both doors periodically once per second.
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The two aperture door position sensors allow faitpe verification of both the opened and the etbs
state. For the detector door (one time operatooty a single switch is available that can verife t
opened position.

4.4.5.1 Aperture door performance measurement

In order to monitor wear of the door during thestiifne, a measurement function is implemented that
measures the door operation times. This consisisspecial function, which performs a detaileditign
measurement of the door operation. The specialtifum can be activated using the TcStartProgram
telecommand specifying the start address of thetiimm (0x30df). The special function will tempatar
stop normal processing but since the performancesurement is completed so quick no telemetry data
will be lost. After measurement completion the ivmathinstrument operation will continue.

A single activation of the measurement functionl wiérform four time measurements with a 0.1 ms
resolution. The first two measurements reportréselts of the open movement of the door by reporti
start and completion of the movement. The stathefmovement is defined as the moment the door
leaves the first opto switch and the completioddfined as the time when the end opto switch ishred.
The second two measurements perform the same atofiag operation. All four values are reported a
16 bit unsigned integers. The results of the messents are stored in a 128-byte circular memoffebu

at address 0x8500 in DATA memory. The memory duinpction can be used to retrieve these
measurement results.

During radiometric calibration the following valuegre measured under vacuum for the door operation
times.

Table 10: Measured Aperture door movement times in vacuum

Movement start End reached Total Time
Aperture door open 15.2 ms 59.2 ms 74.4 ms
Aperture door close 13.9 ms 60.1 ms 74.0 ms

Values based on measurements performed duringAMPLinstrument TVac (2/1/2008), vacuum
but not zero-G.

446 HVPS control

The control of the High Voltage Power Supply (HVRS)R main task of the instrument software. The
instrument contains two redundant HVPSs that paWwer(single) detector. Each HVPS is controlled

through a voltage level setting, an enable (on/oéijtrol and an arm control. Each HVPS is powered
from the corresponding Low Voltage Power Supply AS) and a HVPS can only be activated when the
corresponding LVPS and thus spacecraft instrumewntep bus is on (see Figure 24 in Appendix A -).

Nominally, both HVPSs are controlled in parallelt hwo flags in the parameter file can be used to
disable either one in case of problems.

The HVPSs are controlled automatically by the safenas needed to support science data acquisition.
the CHECKOUT state the HVPSs may also be commandidectly by telecommand
(Tc_ACTIVATE_HVPS, Tc_DEACTIVATE_HVPS). In both sas the same rules govern the operation
of the HVPSs. Both supplies have separate monftorshe MCP voltage (McpV), the strip current
(Stripl), and the anode voltage (AnodeV); theseapaaters are measured and monitored by the Safety
task.
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Operation of the HVPSs is related to the safety itnoang. The HVPS control controls the HVPS
activation, and, during this activation, the safetgnitoring will periodically (every 100 ms) veritpe
measured parameters. This safety monitoring eparate activity that may in case of problems aderr
the HVPS control. HVPS control will command the P% hardware according to the rules described in
this section. The relations of the HVPS contrahwihe safety checking are the following:

» First, in parallel the safety checking will contously monitor the HVPS performance and take
corrective actions that override the HVPS contrahétion

* Second, if a safety condition is in effect, thea tHHVPS operating procedures refuse to activate
the HVPS as long as such condition is in effectl (aot masked).

Regardless of whether the HVPS is activated auicalpt or by direct telecommand, the HVPS
activation and de-activation complies with the ramprocedures.

HvStepFraq { LTS !
HvStepTime ' system :
HvLevel Lo
HvTc i
HV i }DARK
Rampup o !
.
Acq_’TC _e+—— HVPS

HvSafeLevel —] Min

control parameters indicated in italics

Figure 15: HVPS control signal paths

The actual HVPS output level may be influencedHgydutput of the LTS system. This system can when
enabled (P_HvpsAuto) be used to limit the HVYPSvatitbn to a safe level (P_HvSafelLevel) at which the
detector gain is virtually zero. This instrumentanated system is planned to be used during tke fi
phase of the mission to prevent the detector fremdoblinded by the sun lit side of the moon withou
direct ground (flight planning) input. This shoulidhit the operational involvement of the LAMP
instrument team to longer time planning. Lateplrase Il operations the same LTS signal is platoed
be used to control the aperture door. Here thetwpeedoor will be closed allowing observation bét
sun lit side of the moon through the pin-hole tisabuild in the aperture door which will reduce the
instrument sensitivity by about a factor of 500.

4.4.6.1 HV rampup

The HVPS control operates the redundant HVPS paupplies that provide both the adjustable Mcp
Voltage and the fixed Anode Voltage to the detectbhe turn-on/set procedure is used to set the HVP
to a programmable value. The HVPSs can only beetlion when the Instrument is NOT in the SAFE
state. The HVPS set point value can either ortgifimm the parameter file (P_HV_LEVEL) or from the
HV on command (Tc_ACTIVATE_HVPS) parameter.

1. HVPS can only be commanded to any level that ifoar equal to the maximum HV level as
specified in the parameter file (P_HV_MAX_HVSET)therwise the turn-on procedure is
rejected.
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2. The turn-on procedure automatically enforces anjslamp-up of the HVPS voltage level (not a
sudden step):

* If the commanded voltage level is above the cursetpoint (voltage will be increased) then
the voltage setting is incremented by a step seterthined by the step fraction parameter,
with a step time (P_HV_STEP_TIME) between eachanmnt. The step parameter may
either specify a fractional or a linear steppingpaithm.

* If the commanded voltage level is below the curmggttpoint (voltage will be decreased),
then the voltage setting shall be commanded imnelglia

3. Turn-off procedure takes precedence over the tarprocedure, either when manually started by
means of telecommand (Tc_DEACTIVATE_HVPS) or beeanistriggering of the safety check.

A configuration parameter allows for the selectafneither one or both HVPSs to be activated. The
control provides a gradual ramp-up of the high agét to allow for read-back monitoring and checking
(by the Safety module) during the ramp-up to préweamage to the HVPSs. Although hardware
provides full redundant HV level control for both/HSs, the system always commands both HVPSs to
the same level. The ramp-up is controlled by tenfiguration parameters adjusting the step tima53-
seconds) and the step fraction that determinesatbeat which the step approaches the requestgaistt
(see example in Figure 16). This mechanism regulésgradual decreasing steps when the commanded
set point is approached. The mechanism is verjblle and can support slow ramp up in hours in the
initial phases but also a quick operational rampimnughalf a minute when sufficient confidence is
acquired.

175
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50
25
0

HV (~ kVolt)

HV setpoint (counts)

-1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
steps (step duration can be set between 1 and 255s  econds)

Figure 16: Example HV ramp-up from O to set point 1 57 (fraction = 45)

The algorithm below is used to determines the sitlep The factor 16 in the step calculation igastant
pre-scaling of the HvFrac parameter used to olataiseful adjustable range. In addition to thistfomal
control, the software also supports a linear rampamction; this mode is selected by specifyingpbug
for HvFrac less than 16.

i f (HvReg>HvSet) { [* stepped increase */
i f (HvFrac<16) { [* -linear rampup  */
step= HvFrac;

} else { [* -fractional rampup */
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step= [(HvVReq-HvSet)*(16/HvFrac)];
i f (step ==0) step=1;

}
HvSet= HvSet + step;
} else { /* immediate decrease */
HvSet= HvReq;

}

4.4.6.2 LTS based HVPS limiting and Door control

The LAMP instrument is equipped with two separafiéSLsensors; one is aimed a little ahead of the
detector foot-print and the other one a little lbehfwhen scanning the lunar surface). The duadaen
system provides redundancy but also allows for aemgrecise acquisition control based on a
combination of these two control inputs. As thacgeraft will periodically change flight directidhe

role of the two sensors also changes. The softaigsports these operations by providing a veryilflex
control system controlled by a number of parametérhkis includes an option to disable the complete
operation of the LTS based safing mechanism. Th® &ensors are sampled about every 100 ms and
each of these pairs of samples are used to upldatstate of the LTS-Dark signal that is used in the

HVPS and door control algorithm.

LTS data acquisition

bits § > 1HzHk
LtsOffset(2) | LTS adjustment
LtsGain (2) )
P e — » 10 Hz Hk
LtsLevel (4) — 3 —1 1\
s s s
1-bit 1 Hz Hk
LtsMode (2) —*| Logic On Logic Off
l l .................................... » 1HzHk
LtsDelay (2) —*1 On Delay Off Delay

L J ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ » 1Hz Hk
LTS Dark
l—’ Cycle Count [y » 1 Hz Hk

control parameters .
indicated in italics HVPS safing 1 Hz Hk

v

Figure 17: LTS signal processing and HK generation
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The LTS system samples both LTS sensors every 19@Gmd uses each of these analog values to
determine the ‘DARK’ status. The overview of th®gessing is shown in Figure 17. When active this
signal allows HV activation to the full commandedd|, otherwise activation is limited to the sadedl.

The processing of the analog LTS signals resultirntge ‘DARK’ signal is as follows:

1. The analog LTS signals are sampled every 100 msly the most recent Raw LTS value is
reported each second in housekeeping data.

2. Both Raw LTS signals are ‘adjusted’ using a simgéen/offset correction, this allows for a
software controlled selection of the most optimalamic range of the sensors:

Lts_Adjusted = (Lts_Raw — Lts_Offset) >> Lts_Gain

The resulting adjusted values are represented B @it value, up to 10 of these adjusted values
for each sensor will be reported in the housekegt@Elemetry.

3. Each adjusted LTS signal sample is processed bwilresulting in a possible update of the
‘DARK’ signal every 100 ms:

 The analog adjusted LTS values (now range 0 to 2aB&)converted into a binary values
based on simple programmable thresholds, sepdmashblds for each of the LTS sensors
and for the on and off functions are specified

* The four binary LTS signals are pair wise combinethg two separate selectable logic
functions into a ‘on’ and ‘off’ signal. The ressilbf the comparison to the high limits (greater
then) are used for the ‘On’ signal and the resoitthe comparison to the low limits (less
then) are used for the ‘Off’ signal. The two s&ddxe logic functions allow for the selection
of any possible logic combination of the two inpatiables (e.g. A-only, B-only, A and B, A
and not B, always high, etc., see below for theigipdunctions)

* The ‘on’ and ‘off’ signals control the activatiomactivation of the ‘DARK’ signal, based on
separate programmable delays, these are implementdd that the state transition of the
‘DARK’ signal only occurs when the specified numloérconsecutive ‘on’ or ‘off’ signals is
reached.

» Finally the on and off signals are combined inrggle ‘DARK’ signal, ‘On’ sets the Dark
signal and ‘Off’ turns the Dark signal off, ‘Off'ds priority, so when both ‘On’ and ‘Off’ are
active then the Dark signal is turned off. Wheithee is active then the Dark signal stays in
the same state.

4. The state of the Dark signal determines the LTSrobrbased on the LTS control parameters
(P_DoorAuto and P_HvpsAuto). If HVPS control isested then the HVPS output voltage will
be limited to the configured safe level (P_HvSafedlpunless the LTS indicates a Dark signal.
This control takes place every 100 ms cycle, so ¢dvitrol is active instantaneous. If Door
control is selected then the door will be close@&wthe Dark signal is cleared and the door will
be opened when the Dark signal becomes set. Matethis only result in an action at the
transition so at the start of an acquisition therdaill have to be commanded in the correct state.

5. The number of LTS based HVPS or Door control cydlesS-Dark transitions to zero) is
counted per acquisition; this number is be useliid the number of HVPS or door activation



Southwest Research Institute 11239-LAMP_SUM-01

Rev 0 Chg5
Software Users Manual for the LRO-LAMP I nstrument Page 43

cycles per acquisition. This number of cyclesls® aeported in housekeeping telemetry every
second. At the start of an acquisition this couigteeset to zero.

The selectable logic functions for the LTS conalhbw for the selection of any function of two (hean)
input variables (see Table 11). The two inputalales are the comparison to the high limits for'@we’
commanding and the comparison to the low limitstfar ‘Off commanding. The two boolean input
variables function as an index in the four bitddand thus point to the result of the functionleation.

Table 11: LTS control functions (Mode)

Function value Binary value Function Note

0 0000 Off (always) Never active

1 0001 I(A+B)

2 0010 A-'B

3 0011 'B

4 0100 I1A-B

5 0101 1A

6 0110 AxB Only one active

7 0111 I(A-B)

8 1000 A-B Both active,
default for ‘On’

9 1001 1(AxB) Both the same

10 1010 A A only

11 1011 A+B

12 1100 B B only

13 1101 I1A+B

14 1110 A+B Either one active,
default for ‘Off’

15 1111 On (always) Always active

4.4.7 Actuator firing

The PERSI-LAMP instrument software controls theivation of all one-time actuators that are
incorporated in the instrument. The controlleduatirs consist of one redundant Wax Pellet Actuator
(WPA) and three redundant Shape Metal Alloy (SM&juators. One of the redundant SMA actuator
channels though is used to control the detecteasel valve. This detector release valve contes tise
same control mechanism as the SMA although the astdation timing will probably be different.
Nominal control allows for activating either tharpary or the redundant side of each actuator, aftho
for contingency operations both sides of a singteator may be activated.

The activation (firing) of the actuator and theestibn of the activated side are directly contibllyy a
telecommand, but the actuators can only be activateen at the same time the appropriate actuator
(heater) power circuit is activated by the spadeciadependent from the software an actuator pafg

is used to disable the actuator activation duriroggd testing. Activation of any of the actuatoray be
terminated by a separate telecommand option. ™A &nd WPA have very different timing and
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control requirements; control functions for WPA &BIA will be described separately in the next two
paragraphs.

The LAMP instrument has four different one-timeuatbr mechanisms; partly these mechanisms are
realized in a redundant way. The five actuatorhmasms operate the various protection mechanisms i
the instrument:

» Detector door: one (redundant) WPA to open the {oace),

» Failsafe door: one (redundant) SMA to open thes&dd door (once, but not planned
for the nominal mission),

» Aperture door latch:  one (redundant) SMA to unlétod door (a separate actuator operates
the door after unlatching see 4.4.5),

* Ventvalve one actuator (solenoid) to open theevard one to close the detector
vent valve (multiple operations, but not planned fbe nominal
mission).

4.4.7.1 SMA

The SOC door, failsafe door and aperture door latehcontrolled by SMA actuators. For the SOC and
aperture latch redundant mechanisms are availdbke, failsafe door has only a single actuator
mechanism. The control of the SMA is directly time controllethe control period is determined by a
single shared configuration parameter (P_TINI_COKLR but during operations different values may
be configured. This configuration parameter alléarsa range of 5 to 1275 milliseconds of contweitl

a resolutionof 5 ms). Once activated the conteohains activated for the defined control perioche T
required SMA activation time depends on the tentpeeaas shown in Figure 18), at room temperature a
value of about 70 ms was used.
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Figure 18: SMA activation times



Southwest Research Institute 11239-LAMP_SUM-01

Rev 0 Chg5
Software Users Manual for the LRO-LAMP I nstrument Page 45

4.4.7.2 Vent valve actuator

The detector housing vent valve actuator consisasbo-stable solenoid that can be commanded opdn a
close under software control. This vent valve lsarused as a backup evacuation of the detectomupus
but is not planned to be used during the nominakion. This solenoid requires a fixed activatieniqd
just like the SMA actuators and the software trésfust like another SMA. For the detector re¢eas
valve an activation time of about 5 ms was deteeohiduring testing to give a reliable operation.

4.4.7.3 WPA

The detector door actuator is a High Output PargfiOP) actuator, also called Wax Pellet Actuator
(WPA). In flight, the detector door can only beesapd, not closed (during ground testing prior toth,

it can be manually re-closed). A wax pellet actuatith redundant bridge wires actuates the detecto
door opening mechanism. The detector door relgasghanism has a sensor (switch) to indicate when
the wax pellet actuator plunger has extended tertaio position and a separate sensor to indicaenw
the detector door is open. The software controth bridge wires in the actuator and reads theistat
both sensors. The WPA activation duration depagasn on the environment temperature; in vacuum at
room temperatures activation times of about 2 neisilitave been observed.

The control of the WPA is also time limited but taetivation period will also be terminated when the
WPA feedback switch indicates that the active pmsits reached. This redundant scheme is used to
prevent over-activating of the wax pellet actugemmd possible contamination). Note that the detect
door position indicator is NOT used in the WPA c¢ohtalgorithm. The configuration parameter
(P_WPA_TIMEOUT) in this case defines a timeout périafter which the actuator is in any case
switched off. The configuration parameter allowsd timeout period in the range of 10 to 2550 sdso
(with a resolution of 10 seconds). A separate igonftion parameter (P_WpaSensorEnable) allows for
the disabling of the feedback switch; in that céise control defaults to a purely time based cdntro

4.4.8 Heater control and temperature measurements

The instrument contains two sets of redundant deoanation heater on the OAP mirror and grating
(four heaters in total). These heaters are usedise the temperature of these two optical susface
clean them from contaminations. A control algaritibased on the temperatures measured on these
optical surfaces is used to prevent overheating.

In nominal operations, this decontamination willgerformed separate from any acquisition operations
although the software doesn’t prevent heater a@aiva&oncurrent with acquisition operations. Baater
commanding (TC acceptance) can only occur wheimteument is in the checkout state.

The control of the heaters uses a very simple doanitrol to prevent overheating; both OAP mirrada
grating have their own control. Whenever the lasasured temperature is below the set point, the
selected heater(s) of the corresponding redundgateh pair will be activated. For this controlcleaf

the heated surfaces is equipped with redundant éextype sensors. A configuration parameter
determines whether the primary or the redundantsmens used for the control algorithm
(P_HtrSenseGrating and P_HtrSenseMirror).
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LAMP Heater Characterisation (A-side, 11/02-11/03)
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Figure 19: LAMP heater activation in vacuum, single

side heaters

To prevent excessive switching, the control algonitis only activated every 8 measurements, so, at a
maximum, one switching action (on or off) per heatan occur per 8 seconds. The control of both
redundant heater pairs is staggered in time sewitehing actions of both heater pairs can neveuoat

the same time. The selection (and activation)ithiee primary or redundant heaters (or both) facthea
surface is again based on configuration parame{@rsMirrorHtrlEnable, P_MirrorHtr2Enable,
P_GratingHtrlEnable and P_GratingHtr2Enable), s @he activation of primary and/or redundant
actuator but may be used for selection.
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LAMP Heater Characterisation (A+B-side, 11/03)

\
——DETHOUSETMP

~—— CDHELECTMP

Mirror Increase

—— Grating Increase

SN

o 2013

2 ]

© ]

2 10 7

£ E I \\

Q ]

= 3
0: ¥ S —
-10 E———— """
-205“ —t — —t —
08:00 08:30 09:00 09:30 10:00 10:30 11:00

SCUT
Figure 20: LAMP heater activation in vacuum, dual s  ide heaters
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In a vacuum environment the temperature responiséisecoptical surfaces were measured and even
though no thermal equilibrium was reached the gdngends are clear. The first activation only
activated the primary heaters on all optical sw$adn the second test both the primary and rechinda
heaters on the two optical surfaces were activated.

4.5 Acquisition processing

After commanding an acquisition start, the instromeiill first go through an acquisition startup
sequence that brings the instrument in the propauisition state. Most of the acquisition parametee
controlled by settings retrieved from the paramdiier but two are defined by parameters of the
acquisition start command. These startup actioese valready presented in Taldle If the selected
acquisition state was already commanded, this setilipardly take any time but when door operations
of high voltage rampup is involved the startup neke a considerable (deterministic) amount of time.
During this startup the safety checking ensures titia high voltage activation does not endanger the
instrument through monitoring of the safety pararet

Next the actual acquisition is started; this cdhegibe a pixellist or a histogram acquisition hidtogram
acquisition may consist of multiple exposures auaation defined in the parameter file that eaculie

in the production of a separate science data framepixellist acquisition stores all detected photo
events together with time hack data. The timakes for a pixellist acquisition to fill an acqtiich
buffer depends on the selected time hack rate lmdumber of photon events detected. The number of
photon events detected depends on the brightnetb® afbject and the detector area that is not ndaske
with a hot pixel mask. Each time when an acquisitbuffer is filled, a science data frame will be
produced. Nominally the acquisition is terminatyda separate ‘stop acquisition’ telecommand. To
prevent endless acquisition, the instrument implgsan acquisition timeout function that terminadas
acquisition automatically when the defined timepetiod is expired. This timeout mechanism may also
be used as the sole purpose of acquisition duratogmirol. During acquisition the safety checking
continuously ensures that the high voltage actwatnd does not endanger the instrument through
monitoring of the safety parameters.

When an acquisition is terminated either by comnranthe instrument directly to the SAFE state omby
safety event during the acquisition processing,itiserument will be brought in a safe conditionheT
HVPS will be disabled, heaters deactivated (if tlre on) and the aperture door will be closed (if
enabled and if one of the actuator busses wasadetiy When an acquisition is terminated by
commanding the instrument to the CHECKOUT statevlben the acquisition timeout was reached, the
instrument remains in an active state and a newisitign can be started immediately.

In addition to normal actuations the instrumenbd aspports ‘test pattern’ acquisitions. These raate

available for interface verification. In these rasdasically the normal acquisition sequence oduuirs
instead of producing actual acquired science datads, pre-defined test patterns are generatedeant
to the spacecraft.

45.1 Acquisition Startup

The acquisition sequence starts after receivingcdmgirmation to an acquisition command. The sfart
sequence and the duration of the various stephsted in Table 2. The acquisition start sequeree
only start when the instrument is able to changd@QUIRE’ state, meaning that no safety conditisn
currently in effect (safety timeout equals zerdjhe start of an acquisition can either be commarficted
the SAFE or from the CHECKOUT state. The differe@tween the two is that in the CHECKOUT
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state, the HVPS and/or the heaters could alreadytrenanded on. This would for instance allow for a
pre-verification of the stability of the MCP andaale voltages or an acquisition with heaters activat
(used during decontamination operations). Asst fitep the acquisition hardware is configuredthier
acquisition by loading the acquisition (hardwara)tcol registers with parameters from the paramideer
(P_DISCRIMINATOR, P_StimEnable, P_PIXELLIST_HACK, ROTSEG_1-8).

The ‘dooropen’ parameter of the start acquisitiommand defines the commanded state of the aperture
door. If the aperture door is already in the rateg state (according to the door sensors), the
commanding of the door will still take place bug tstartup sequence continues immediately. |If tor d
was not in the requested state the door commanglith@lso take place but the startup sequence will
pause until the door commanding is completed. Nudethe door commanding period is a fixed period
that is defined by a parameter in the parameter(éirrently 1.8 sec). In this case the positeported

by the door sensors is not taken into account angtbe acquisition startup will continue after the
defined commanding time irrespective of the (senseworted door position. These actions ensure tha
the door movements have completed before any atqmiactivity is started. Note that the apertdo®r

can only be moved when one of the actuator bussestivated. For the nominal histogram airglow
observations, the Aperture door will be commandeeho For the pixel list occultation observatiaihe,
Aperture door may remain closed to prevent contation of the occultation data by light entering the
airglow aperture.

The next step is the high voltage activation. HMWPS activation always follows the rampup sequerse
described in section 4.4.6. The acquisition spadaoly continues when the specified HVPS settirg (a
defined in the parameter file) is reached. Thisunsethat this step can be immediate when the HV&S w
already commanded to the desired level, but thgpuanmay take a considerable period as defineden th
HVPS rampup parameters in the parameter file. utfing) the HVPS rampup, a safety condition occurs
the complete acquisition is terminated and theumsént returns to the safe state.

4.5.2 Acquisition processing

After these steps, the instrument is ready to skeatacquisition. In order to start the acquisitat a
deterministic point in time, the actual start ofe tlacquisition processing is synchronized to the
synchronization pulse (1PPS). The actual contrtthe® acquisition hardware occurs about 2 ms alfter
instrument receives. At this point either the pige or the histogram acquisition mode is selected
(hardware) and detector events are stored in thaisiton memory. For the pixellist acquisitiomet
acquisition memory actually fills; the detector Btgeand time hacks are stored in a sequentialhiadt

fills the acquisition memory. The progress of them be observed in the housekeeping data in the
pixellist counter. For the histogram acquisitiaine detector events are counted based on the
spectral/spatial and amplitude ‘position’ of theesw (histogramming). Then after a defined exposure
time, the acquired image is transferred to the espradt.

In both cases, the instrument can perform contiswmunterrupted acquisitions. Meaning that thenea
dead time in which the detector events are loseiween filling and switchover of an acquisitiorffbu
When the first buffer is filled, or an exposure@npleted, acquisition continues in the seconddouffn
parallel the first buffer is transferred to the gpaaft. The only case in which data could beibsthen
the acquisition buffers fills faster than the dedia be sent to the spacecratft.

In parallel to the acquisition operation by thetinment, the normal generation of housekeeping data
continues providing ancillary data describing tleditions of the acquisition. One of the paranseter
reported in the housekeeping data is the measwedcountrate. This countrate value provides a
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temporal registration of the overall detected ena¢at This can be especially important for thédgsam
acquisition mode, as this mode normally does mdtide any temporal information.

4.5.2.1 Pixel List Mode

The pixel list mode is completely hardware con&djl after setup no further software actions are
required, until the acquisition terminated by tbé&ware. The software determines the overall asstjon
duration. Two acquisition buffers are used so sitipn in one buffer can continue while the cortiseof
other buffer is transferred to the spacecraft. t@wiver between the two acquisition buffers when a
buffer is filled with pixel list data will be hanelfl automatically by hardware; software will be mfied
when a buffer switchover occurs. At the end ofdbquisitions, software terminates the acquisitiade)
which will force transfer of the remaining buffeordents to the s/c (flush). Whenever the instrumen
generates a complete science frame, this will perted in the housekeeping data; both the framebeum
of the last generated frame and the time (MET) lickv the frame was generated are included in the
housekeeping data. Note though that the generafidhe science frame is data driven and that the
acquisition buffer swap will not be synchronizedhe spacecraft time. The reported frame time lnall
the current time, meaning the time (MET) that besaturrent during the last time synchronization
(APPS).

During the acquisition, 16-bit words are writtertoirthe acquisition memory. The first word of the
acquisition memory stores the frame identifier;32967 words are left to store the event and tinek ha
data. Normal events in the pixel list memory andidgated by bit 15 of the word set to zero, theepttb
bits contain the spectral and spatial informatibthe event. Time hacks have bit 15 of the woltdasel

the remaining 15 bits will be used to include anteu so timing correlation remains possible evernvh
some data is missing (15 bits hack rate allowsl8 seconds of time information before the timekhac
counter wraps around). The most recent valueetithe hack counter together with the science gacke
block counter will be included in the housekeepiata to allow time correlation.

The time it takes for a buffer to be filled withxpl list data depends on the actual count ratethed
selected time hack rate. At the predicted noméveht rate for the dark side of the moon of ab&@01

Hz and the highest time hack period of 4 ms, th&g@rd (32767 entries) pixel list memory could fil

19 seconds. Close to the terminator with somehbradpjects coming into view the frame rate could
increase to about one frame per two seconds. ©ddi side of the moon two methods will be used to
protect the detector from too high countrates.tidly (firs month of operation) the HVPS would be
lowered to a safe level so no photon events wowddbtected, but the timehacks would fill the
acquisition buffer in 122 seconds. In a later apipg phase when a basic data set has been capheed
aperture door will be closed over the day sidehefrhoon and observation will be continued throuegh t
pin-hole, this results in a much lower overall s&évisy and the frame buffer would on average fiill 33
seconds. The transfer of a complete high-speadefria the spacecraft will always take 0.55 sec (see
section 4.2.1.1). If the current transfer is noipleted before a second acquisition buffer igdilthe
instrument temporarily can’t store (acquire) andneodata will be lost. This case though will only
happen during abnormally high event rates (abos B®hoton events per second), well outside normal
operational range of the instrument.

The instrument generates frames on the high-spatdlichk when the acquisition memory is full and,
hence, the transfer is inherent a burst trans8ill an average datarate can be calculated. Basdtie
three above-mentioned cases, this results in agedatarates of respectively 28 kbps, 262 kbps,p$ kb
and 16 kbps.
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As mentioned before, it is possible that due te@®y high event rate (>58571 events/second) theceie
transfers to the spacecraft can’'t keep up with attgpn and data will be lost. This can only ocdar
Pixel List mode, as here the frame generationisatependant on the observed event rate. In thaesss,
an interruption in the acquisition may occur. Tinirruption is not a reason to terminate the esitipn
but it will be reported in the HK data stream (HKSFM_OVFLW_ST)

Nominal science data acquisition is planned todréopmed in pixellist mode with a timehack of 4 tos
obtain the required temporal (and therewith grocewkerage) resolution. In the nominal 50 km orbé t
spacecraft and the LAMP instrument will every 4 coser 6 meter of Lunar surface in the movement
(perpendicular) directionTable12 lists the expected data volumes for the varioxsljist acquisitions.

Table 12: Expected pixellist data rates

Average Hack | Average Data volume
photon rate rate Frame time | per orbit
Night side operation; 1500 Hz | 250 Hz 19 sec 11.9 Mbyte
aperture door open
Day side operation;
aperture door open (HV 18 Hz 250 Hz 122 sec 1.8 Mbyte
reduced)
Day side operation;
aperture door closed 750 Hz 250 Hz 33 sec 6.8 Mbyte
(pinhole observation)
Notes:
» The predicted photon rates assume a nhominal opgiiastrument with nominal
sensitivity
* The numbers listed are based on typical estim&@es,100 % variations in the skj
Lyman alpha intensity are observed depending aar salivity
* The predicted photon rates include the STIM pu{sé8 Hz)
* These numbers originate from the sensitivity anslysat was described in
memorandum ......

4.5.2.2 Histogram Mode

The instrument software controls the histogram meggosure timing. The hardware performs the
histogram operation in which events are countelle aw pixel events will be histogrammed (counted)
into the acquisition memory based on the spectdispatial ‘location’. The histogramming uses adre
increment-write operation to the addressed histagnraemory (bin) location that corresponds to the
spectral and spatial ‘location’. So for each s@epatial ‘location’; the number of events thatrey
detected at that ‘location’ are counted. The im@Bt operation will saturate at maximum count numbe
so when more than 65535 events are detected fioea pcation, the maximum number of counts will be
reported. In addition, a second histogram opematidll be performed on the event pulse height
(amplitude) data. This results in what is callee pulse height data, a distribution of the amgétof the
detected events. This data will be stored in dmerstise unused area of the acquisition memory
(beginning of second and third row of the arrayhis uses the same read-increment-write operattiis;
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also has to use 16 bit 'event' counts (just like itiin event histogramming); LAMP uses 6 bits to
represent the pulse height resulting in 64 pulsghtdins.

The histogram acquisition does not ‘fill' the acgjtion memory like the pixellist acquisition doe$he
counting of events could continue and even wheneslmrations (pixels) are saturated there is no hard
reason to terminate the acquisition operation.pfwide a temporal resolution of the acquisitiosirggle
histogram acquisition may consist of multiple expes. When an exposure is completed the instrument
switches acquisition buffers and the acquisitionticmes in a fresh (cleared) acquisition bufferheT
duration of histogram exposures is defined by ampeter file entry (P_HISTO_EXP_DUR), and can be
selected anywhere between 1 second to 65535 se¢etgifiours).

The selected exposure duration defines when scigaizeframes are sent to the spacecraft; in alscas
the frames are again 32768 words in size. Theddizke data frames is independent of the number of
detected events, as a frame always representaulihkistogram covering the detector range of 1024
spectral lines * 32 spatial columns. Data trarsséayain occur in bursts, the 32 kword frame isstiemned

in about 0.55 sec (see section 4.2.1.1). An aeehagh-speed science datarate can be calculated tha
depends on the selected exposure rate:

average dearate = 524288 (bps)

exposure dration (in seconds)

So for reasonable exposure duration of 100 secthedaverage data rate for the high-speed sciertee da
would only be 524 bps.

Again each time an acquisition buffer swap occtirs,value of the Last Acquisition Completion tinme i
the HK telemetry will be updated; this provides oimhation to perform post acquisition timing
correlation. Note that in case of a histogram &itijon the exposure timing is synchronized to 1fRPS
pulse.

This will also happen when the acquisition is teranéd as described below. This provides a means to
track the acquisition timing relative to the spaeéicelapsed time.

4.5.3 Acquisition termination
There are three reasons why an ongoing acquisipenation may be terminated:

 Commanded ‘stop acquisition’,
» Acquisition timeout,
» Safety event.

Whenever the acquisition termination occurs synuizead the actual hardware acquisition processheill
terminated about 2 ms after the instrument recalvesynchronization pulse (1PPS).

Nominally an acquisition will be terminated by atpkcit command that commands the system out of the
acquisition mode and thereby terminates the ad@nsbperation. The acquisition termination wjllst

like the acquisition start, be synchronized to $pacecraft synchronization signal (next 1 secorisepu
(real or assumed, see section 4.4.3.1)), so thet &r@&e of acquisition completion is known. Tostan
acquisition the instrument may be commanded eitbethe SAFE or CHECKOUT state. When
switching to the SAFE state terminates an acqaisitihis will also result in the deactivation oethlV

and when enabled (P_DoorEnable), the closing ofAperture door (when one of the actuator power
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busses was active). When commanding the instrunenthe CHECKOUT state terminates the
acquisition, no further actions are taken.

In addition to this (direct commanded), the instemtimplements a timeout mechanism that will
terminate an acquisition after a defined periodine (P_ACQ_TIMEOUT). This timeout prevents the
instrument from generating an unbounded amountiehse data in case the ‘stop acquisition’ command
is missed. When the acquisition is terminated tduan acquisition timeout the system behaves as if
manual change to CHECKOUT mode was commanded. rmgens that the acquisition termination is
synchronized (1PPS) and that no additional HV atesthanges occur. The acquisition timeout period
may be specified anywhere from 1 second to 65586nsks (~18 hours). This timeout mechanism may
also be used to command an acquisition of a preglgéfduration. Operationally this may facilitate
commanding for acquisitions of pre-determined dara&s no further commanding action is needed.

If during an acquisition a safety event occurs, ittetrument will return to the ‘SAFE’ state and the
ongoing acquisition will be terminated as quickly possible. In this specific case the acquisition
termination is not synchronized to the spacecrafét This transition to the SAFE state termindtes
acquisition, it will also result in the deactivatiof the HV and when enabled (P_DoorEnable), the
closing of the Aperture door (when one of the aciupower busses was active).

When the acquisition is terminated, the acquisiiandware will be commanded to stop the acquisition
and the contents of the current used acquisitidgfebwill be transferred to the spacecraft. Intbggam
and pixel list mode this means that the completifebuwwontents are transferred, although in pixsi li
mode only a part of the memory will be filled wighxel list events (as indicated by a pointer in the
housekeeping data (HK_PIXEL_LIST_CNT)). In anyeathis will also cause the Last Acquisition
Completion in the HK telemetry to be updated, iatling the time at which the last acquisition was
completed.

45.4 Test mode acquisition

In addition to the normal acquisition modes, th&riiment supports test acquisition modes. Testemod
and pattern are selected by a parameter of thet etquisition’ telecommand. In these modes noaict
detector data is acquired, but the acquisition nignmfilled with known (deterministic) test pattex.
Except from filling the memory with these pattertiee complete nominal acquisition sequence is
performed, including set up of the environment, mogortant:

HV will be activated if the system is configureddo so,
Aperture door will be commanded if enabled and witive if one of the actuator power busses is active

This means that the nominal acquisition timing eésyvsimilar to the actual acquisition operationut B
instead of sending the acquired science data @aidph-speed link the instrument will send the know
test patterns. For the histogram acquisition tbengiete nominal exposure/acquisition timing is
followed. For the pixel list acquisition a smatlagptation had to be made; instead of waiting fer th
acquisition memory to be filled, the exposure doratparameter (P_HISTO_EXP_DUR) is now also
used to determine when the pixel list science datasfer should be started (like for the histogram
acquisitions).

The generation of the different test patterns teda@se time depending on the selected test patser (
Appendix E). This test pattern generation statiemthe normal acquisition would start (after settip

the conditions in the nominal sequence). As losghe test pattern generation is not completed, the
science transfer is simply skipped. When the pattgeneration is completed before the acquisition
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command is terminated, the first science transfélr start on the following first scheduled exposure
duration. This test pattern generation functiory i used for the various test of the high-spe@hse
data transfer. Different known test patterns cargénerated that support both low level interfastst
and higher level end-to-end test of the science d@nsfer mechanism. The test pattern generation
function fills both acquisition memory pages witkreown pattern. Test patterns include:

* Incrementing 16-bit number pattern starting at zero
» Decrementing 16-bit number pattern starting at zero
» Simple 16-bit constant bit-alternating pattern @&5

» Leave acquisition memory contents as is

» Histogram like data, based on some tables and atsstincluding pulse height distribution
and STIM pulses if enabled

» Pixel list like data, based on some tables andtaatss including simulated time hacks at a
fixed rate.

Note that the first word from the acquisition megn@ never read by the transmission hardware; awlste
of the first memory word the identification wordtiansmitted (see Appendix D).

4.5.4.1 Histogram Test Pattern

Fill the indicated detector memory with a simulateéstogram test pattern based on a hard codedesingl
line spectrum with a spectral range from locati8rnt®916. The rows of the test pattern are geedriay
scaling the values from the single spectral linhwai one byte-scaling factor, resulting in histognaixel
values in the range of 0 to 65025. The first twadl &he last two rows of the histogram have scaling
factors of zero so these entries will be empty sintllate the dark count areas in the normal histogr
The test pattern generation also adds two simul&#@t entries to the array when the STIM function
was active during the commanded test acquisitidrhe simulated STIM entries consist of normal
distributed events around the nominal STIM locatiovith a mean of 0.2 and a deviation of 1.2. The
function will also add a pseudo pulse height disttion (PHD). The PDH will be added to the starthef
second and third histogram line and consists 00@0&51 times a simple normal distribution with a
mean of 23 and a deviation of 12 limited to a vaiti64005.

4.5.4.2 Pixellist Test Pattern

The simulated pixel list pattern contains time twaekery 31 entries and the hack counter uses thentu
value of the time hack setting to control the imeceat of hacks. The generated pixellist consistsigit
fixed event-generating locations:

(2,112), (24,112), (30,358), (14,420), (9,585)716), (5,718) and (14,912)

The actual generated simulated events vary arobeseteight points though using a simple triangle
shaped distribution in the spectral dimension.thia spatial dimension the simulated events occua on
single line. The generated events vary aroun® tfbeations in a fixed offset sequence:

01-2-1012-10,-21,-1,0,2,1,0,-1,-3,-2,110:1,3,-1

The purpose of this test pattern is the verificatid the end-to-end transfer and processing chadrntlas
test pattern can be processed by GSE as a norralllist data set. The pixellist test pattern does
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include any STIM related entries.

4.6 Instrument Safety and Monitoring

The safety-checking function is always active amgoks a number of parameters for out of limit
conditions and reports the results of these chatkise housekeeping data. When an unmasked safety
event is detected safing actions will be perforraed will cause an autonomous commanding of the
instrument to the SAFE state and the associatagsafitions. To prevent this autonomous safing,rwhe
mission critical observations are being performed.(during the Pluto and Charon solar occultation
observations), the safety checking can be disabiessked) to prevent possible termination due to
accidental detection of a safety condition.

4.6.1 Safety checking

The LAMP instrument performs a number of differ@mternal safety checks to protect the instrument
from possible damage. These checks and actionsampletely handled within the instrument to
guarantee a quick response in case problems aeeteldt This monitoring uses various internally
measured parameters to determine proper operéatfiba.rate of the monitoring depends on the padicul
parameter checked, as different parameters beceailalzle at different rates.

There are three classes of monitored parametetlddanternal safety checking:

HVPS parameters Mcp Voltage, Anode Voltage and Strip Current meeduby the safety task
every 100 ms

Detector count rate  determined by the safety task every second
Temperatures measured and checked by the heater task evayydec

If a safety condition in any of these three classedetected, the safety processing determinesyif a
action to protect the instrument should be taken.

4.6.1.1 HVPS parameter monitoring

Whenever the instrument is powered on, the instnins&afety checking function will monitor the
performance of the HVPSs. The main task of thigiteong is to prevent any damage to the instrument
due to a problem with HVPS or detector. The imragdaction taken, when an out of limit condition is
detected by the safety checking function, is toctieate the HVPSs. During critical science openadi
this safing action may be disabled to prevent atal deactivation of the HVPS (and thus termimatit

the acquisition operation).

The safety checking function measures the HVPSnpaters of both of the HVPSs every 100 ms and
checks the measured values against predefined I{ggée Table 13). If any of the verified paransetee
outside these limits for a specified (configurabie)mber of consecutive measurements, the safety
mechanism is triggered. All the used limits aed in the parameter file. This provides for dmd
defined limits after instrument power-up but stiffers the possibility of in-flight adaptations,rfo
instance to compensate for aging or changed opaedtplans. Note that as the HK telemetry pacists
only generated once every second the actual memasuats triggering the safety condition may not be
included in the telemetry data, but the housekeppimta provides identification of the current safet
conditions (Hk_LAST_SAFETY).

For all three HV parameter checks a separate 'mauce counter' checks that an out-of-limits conditi
only triggers the safety processing when the candiexists for more than a specified number of
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consecutive measurement cycles. This preventsureraent noise from triggering the safety handling.
For instance when a limit of 5 is defined, it vkt triggered when for five consecutive measuremgnts
5*100 ms = 0.5 sec), an out of limit conditiondistected. The limit values for the 3 separate weage
counters are specified in the parameter table (PFANL_MCP, P_HV_FAIL_STRIP and
P_HV_FAIL_ANODE).

Table 13: High Voltage safety checking

Parameter Check Description

MCP Voltage o HvSet< Maximum Limit Commanded High
(largest read-back) B voltage not too large
and matches
commanded voltage

«  When commanded HV is above minimumn;
| McpV - Expected H\ < delta

Strip Current Stripl < Maximum Limit Strip current not too
(sum of read-backs) large
Anode Voltage « AnodeV< Maximum Limit Anode voltage

within expected
limits

(largest read-back) *  When commanded HV is above minimum:

AnodeV> Minimum Limit

The parameter values for these limit checks araioéd from the parameter table. The
following parameters are used:

* P_HV_LOW_SAFETY (Hv Setpoint above which HVPSs autieach nominal levels
P_HV_MAX HVSET (Maximum allowed Hv setpoint)

P_HV_MCP_TOL (Maximum Mcp voltage tolerance)

P_HV_MAX_STRIPI

P_HV_MIN_ANODEV and P_HV_MAX_ANODEV

P_DAC_ADC_FACTOR (converts from Hv setpoint to egfed Hv readback value)
Expected HV (readback) = HvSet * P_DAC_ADC_FACTOR

During nominal HVPS rampup operations in (vacuunaugd testing the HVPS characteristics shown in
have been observed. The detector resistance getature dependant so the measured HVPS output
current will also be dependant on the temperature.
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Figure 21: HVPS rampup characterization

4.6.1.2 Count rate monitoring

A bright object is determined by a measured higieater count rate exceeding a defined threshohis T

is monitored as a safety condition as too much Idition the detector can damage the instrument
(detector). The count rate value is calculatedyesecond from the 24 bit raw-event counter vallibe
difference of two of the periodic readings fromstlwounter is calculated and limited to a maximum of
65535 (16 bit value) and reported in the housekegpiata (HK_COUNT_RATE). The count rate
threshold is determined by a parameter (P_MAX_COURATE) and can be adjusted as needed to
accommodate background counts (such as due totasplot’). Note that the count rate measurement
comes from the detector hardware (raw event coubédore the "hot pixel region" filters are applied

4.6.1.3 Temperature monitoring

LAMP contains eight internal temperature sensaai éine monitored at a one second rate. A semmsdr li
condition occurs if any monitored temperature semges above a defined maximum safe limit. For
each of the sensors, a separate maximum limit teatyre is defined and stored in the parameter file
(P_MAX_???? TEMP). If a sensor fails, the checkiog that specific temperature channel can be
disabled by masking the specific temperature cieckEMP_MASK), or by defining a maximum value
for that specific limit check.

4.6.2 Safety processing

If any of the above mentioned safety conditionsuogcand the corresponding safety check is enabled,
safety processing is triggered and the safety ftimetimer is started (timeout period set to
P_SAFETY_TIME). Also, if the safety override istraxtive, the instrument will immediately switch to
the SAFE state. This transition to the SAFE sttdtches off the HVPSs, disables the heaters,
terminates any actuator firing and, (when enabRedporEnable) when one of the actuator power busses
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is activated), closes the aperture door. Durirgsiddety timeout period the instrument will remiainhe
SAFE state (see Table 8). Thus, the software ptsvany further operation or any actions that could
damage the instrument (open door, high voltageuati) all of the safety conditions have disappeded

at least the timeout period.

Each of the safety checks can be individually mdskg command, in which case that condition is
ignored and is not used to determine the need fhwgdown. A general safety override is impleménte
which disables all safety actions and allows imratgoperation of the instrument regardless of #hety
condition(s) in effect. All safety condition infoation is included in the instrument housekeepiatad
(Hk_SAFETY_ACTIVE, Hk_LAST_SAFETY, Hk_SAFETY_TIMEOT, Hk_SAFETY_ST,
Hk_SAFETY_OVRD and Hk_SAFEMASK).

When a safety condition occurs during an acquisjtedready acquired science data will not be 1dstis
case is handled as if a normal acquisition terrionahad occurred. Although the acquisition dumatio
will be cut short (the actual acquisition termioatitime is reported in the housekeeping data
(Hk_LAST_ACQ_DONE_TIME)), the already acquired dasanot lost and will still be sent to the
spacecraft.

RESET
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Figure 22: Safety Monitoring Algorithm Flowchart

Figure 22 shows a flowchart to demonstrate andfgldre operation of the safety algorithm. If aoye
of the safety conditions is true and it is enalflest masked), then the "unsafe" timer will be res&nd,
unless the safety override is in effect, actions lvé taken to safe the instrument. The safingpastwill
command the instrument to the SAFE state and, fttvesanclude the following actions:

1. Deactivating the HVPSs,
2. Deactivate Actuator control,
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3. Deactivating both decontamination heaters,

4. If enabled (P_DoorEnable) and if at least one efattuator power busses is activated: close the
aperture door.

4.6.3 WatchDog Timer

The onboard hardware includes a watchdog mechanidine watchdog system is meant to catch
catastrophic failures in the PERSI-LAMP Flight Sadte and, therefore, the software cannot disalide th
function. When the experiment on-board softwaresdoot trigger the hardware watchdog mechanism
within a 4 second period, a hardware reset is tsand the on-board software restarts. Writingexsic

byte pattern to the watchdog reset register pedaitms triggering. This mechanism prevents hanging
software from permanently missing any control de®dl. The hardware reset ensures that the pracesso
including all surrounding hardware circuitry is qoletely reset and returns to a (known) power-ugesta
This full reset should be enough to clear any dpesoftware hang-up. The hardware reset will ecihe
HVPS to be turned off immediately, but no (hardwa@mmand is issued to the aperture door control so
the door may remain open.

The hardware provides a mechanism that counts twhaear of watchdog resets since the last power
cycle. After multiple resets, this counter willemtually initiate the hardware only ‘state machine’
acquisition mode (see section 3.3.2). To suppgstesn test, the value of this watchdog expiration
counter is reported in the housekeeping packeso Al single special action is taken in order tothee
spacecraft autonomy rules as a backup mechanigret@nt unintended ‘limp along’ mode activation.
Whenever the number of watchdog resets exceedsedl filumber, not a parameter, to keep the code and
checking as simple as possible), the softwarerefjuest a power cycle by the spacecraft by settiag
‘power-off request flag in the non-packetized tetry. Explicit disabling of the corresponding
spacecraft autonomy rule still allows for intenaboverriding of this mechanism.

4.7 Memory functions

The instrument supports the three memory functedacommands that can interact with the various
memory types in the C&DH

* Memory Check — calculates a checksum over a spddifiock of memory
* Memory Load — load a specified block of data imtedfied memory
*  Memory Dump — dump a specified block of memory

Some memory functions are limited in that they dapply to all memory types.

The memory check function calculates a byte wisdifl&or rotate checksum over a specified block of
memory. The result of the checksum calculation réported in the housekeeping packet
(Hk_MEM_CHECKSUM). At the start of the calculatioe result is set to zero and the reported value
is not updated until the calculation is completét instrument startup automatically a checksum
calculation is performed over the complete exegutinde and the result is reported in the housekgepi
packet. The checksum function is used to verifydbntents of an area of memory, for instance tifye
the result of a load operation or as part of theogee instrument checkout to check that the memory
contents was not corrupted. The various check®meed by the instrument on the contents of theecod
memory (both at instrument startup and during ettecuof the code selftest function) use the same
checksum algorithm. The result of the checksuroutation over the full code memory area (0-0x7f7d)
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is for each code page stored in the 16-bit wordoate memory address Ox7f7e. The memory check
function may be performed on all instrument mentgpes.

The memory load function copies the received datasbdirectly into the specified memory. For the
RAM based memory types this consists of a simpléevio the indicated location with an appropriate
setting of the page selection for the acquisiti@mmary (only the inactive side of the acquisitionnnogy

can be written to). For the EEPROM memory, somditimthal preparations are needed to enable the
write operation. This function uses the EEPROMchklwrite mode, so only a single wait is needed to
wait for the device internal EEPROM programmingtanplete (see 4.7.2). After completing any of the
memory load functions, the just modified memorydad back and the two blocks are compared. Only
when the two blocks are equal is a successful csfiopl status returned, otherwise an error statlls wi
result. If the load function is used to load d@aa memory area where no simple memory exists (e.g
special function registers) write and read mayrastilt in the same data, which would result in aore
message, although the action was actually sucdessfemory load can be performed in all memory
types except for the PROM memory that has a fix@dent and can’t be modified during flight.

The memory dump function reads the contents ofrtemory area and sends the contents of this memory
to the spacecraft in the form of memory dump packét single memory dump command may generate
multiple memory dump packets as each packet canocomitain up to 128 bytes of data and a dump
request could request much more data. Memory duangets are only generated when the ‘dump
allowed’ flag is set (included in the time syncheation message, see 4.3.1). When no memory dump
packets are accepted, the memory dump functiorswatil the spacecraft again accepts packets. The
memory dump function generates packets on thétlythe software can easily generate packets with
128 bytes of data within one second. This meaatsaarge memory dump operation can generate data
sufficiently fast to add a memory dump packet tchegenerated ITF frame. The last generated patket
a memory dump sequence may contain less than tri2&idata bytes, but the packet is still a futks
memory dump packet. There are four data structlgéised in the LAMP flight software that are
allocated at specific addresses and the memory dwmpnand can be used to retrieve this data (Table
14).

Table 14: Special memory areas

ig?jr:ess Size bytes Storeage
0x8200 128 Error Log (8 entries)
0x8300 128 Parameter File (active copy, 128 byte sntries)
0x8400 128 Door Life result table (16 entries, eggl
0x8500 256 Receive buffer (TC, 256 byte size esitrie

4.7.1 EEPROM write

The EEPROM memory provides a non-volatile storagetion that can be modified during flight. It is
used in the instrument both to store the defadliesof parameter list and to enable (semi-permtanen
updates of the instrument flight code. The haréwapvides a paging mechanism that allows oneeof th
four defined EEPROM pages to be moved into the e ands replace the PROM memory that
normally resides in that area. The four EEPROMepag]l are a full 32 kbyte in size and can contian
complete flight software. At launch, the planashave all four EEPROM pages contain the sameersi
flight software that is contained in the PROM meynas a backup.
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The write function on the EEPROM memory always usesmemory in the block write mode. This
limits the number of write cycles needed to chatige contents of the memory. The write EEPROM
function includes an appropriate wait period (1@snilliseconds) to wait until the internal device
programming cycle is completed. During this peritada read from any location of the EEPROM is not
stable so this write function can only be calledewtctode is being executed either from PROM (or
RAM). The software checks for this and will ndbal EEPROM writes when this constraint is not met.

4.7.2 EEPROM Limited lifeissues

The used EEPROM devices are only guaranteed fioniketl number of write cycles. The devices are
used in the block write mode which allows for wrifiup to 128 bytes in a single operation. When the
devices are used in this block write mode the desviare guaranteed for up to 10000 write cycles per
block including the appropriate derating factofsor write operations of the parameter list to tlo&-n
volatile parameter storage in EEPROM, the numbevrge cycles used is automatically maintained and
stored within the EEPROM (specified location in ffarameter file, see Appendix F). For code patches
and updates, there is no automatic mechanism thats the number of used EERPOM write cycles and
a manual administration will be needed.

Another issue is the guaranteed data retention ¢sifrtee EEPROM devices that is limited to 10 years
(again after appropriate derating). The EEPROM prgnm the system is used both for the storage of
patched code (up to 4 complete pages) and forataeter file (3 redundant copies). Failure dfegibof
these functions is not directly fatal to the instant operations. It would either reduce the predid
redundancy (no ‘permanent’ code patches, althoxgitwtion from RAM is still possible), or require
some additional commanding (no parameter storage).

The allowed number of write cycles is not expedtetie an issue for the EEPROM code storage. Even
for the possible extended mission duration of Fgghis number would allow for more than five ufasa
every day. Still operational procedures will hageinclude a tracking of the number of commanded
programming cycles (both pre- and post-launch).e @hta retention limitation can be handled by re-
programming the devices at a certain point(s) ertlission. This reprogramming can be the resudt of
code patch operation (see section 4.7.4) or whemtiginal PROM code is still in use; the PROM code
may be used to ‘refresh’ the EEPROM contents. dysem includes a special procedure to copy the
PROM contents to all four EEPROM pages (see sedtinn).

The non-volatile version of the parameter file xpected to be updated more frequently, but stél th
number of allowed write cycles is expected to bemiarger than the number of modifications expected
during the mission. Temporary changes of parameddues only affect the RAM based (current
working) version of the table and, thus, don’t dotmthe total number of write cycles. The paramnet
file will only be written to EEPROM when the systaecteives and explicit commanded to do so. To
facilitate tracking of the number of write cyclesaunter is maintained within the parameter filee(s
section 4.4.4) registering the total number of Pemar File write cycles. Nominal operations are
expected to include a number of parameter file sidjants to include the results of the in-flight
measurements in the acquisition parameters; alsinab operations are expected to include the gptin
acquisition duration parameters and writing these non-volatile storage. This expected nominalges
should satisfy the ‘refresh’ requirements to gutganproper data retention. In addition, the triple
redundant storage (see section 4.4.4) of the paearfiee would provide an indication when problems
start to develop.
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4.7.3 Duplicate PROM

The instrument software includes a special functi@t can copy the contents of the current exegutin
code memory to the four EEPROM pages. This praeedas used to prepare the system for the launch
configuration in which all four EERPOM pages wilbrtain an identical copy of the (PROM) flight
software. During flight it may also be used taesh the contents of all four EEPROM pages withegit

the contents of the PROM of one of the EEPROM pagé&hkis function is not part of the nominal
processing system started via the start prograrmtiimat address 0x40dc (version 1.00 of the LAFS).
Copying will take about 250 sec; during this peritide normal instrument processing is temporary
suspended. This means that for this period nanitiy will be generated and no telecommands
(including time messages) will be accepted. KEdemmands (including time messages) are send during
that period they will probably overflow the inpudrdware FIFO and will probably not be recognized.

4.7.4 Patch upload

Software patches may be uploaded using the loadamemlecommand. Four EEPROM pages are
available that can each store a complete versidheoinstrument software. A full software versioay
be uploaded in any of these pages.

The updated software can be delivered to the grapwetation system in the form of an S-Record.
Special conversion software has been created thahen converts this single S-record into a sexee

of 255 memory load commands and corresponding rondriticals. Each of these memory load
commands will load 128 bytes into the EEPROM memofe generated sequence will include small
delays in between the commands to ensure thatytens accepts all the telecommands and the check
that ensures that not more than one telecommandgoend is sent. As the spacecraft data handling
software only implements a single buffer for thredetnetry going to the PERSI-LAMP instrument, the
commands all have to be spaced at least 2 secqads arhis is not a limitation caused by the LAMP
instrument; the processing of the memory load condaaan easily be completed at a 1 Hz rate. Even
with these 2 seconds delays though the completmdpf a full updated software version only wikea
255 * 2 * 2 seconds (~17 minutes).

4.8 Internal Selftest

Instead of having a build-in test that is alwaygaKked on system startup, the instrument software
includes a self-test that can be activated by ars¢p telecommand. The test executed at systetupsta
is limited to a quick code memory check to veriiattthe core image is correct (see section 4.1h)s
check makes sense as a backup for the PROM codmstis available that may be activated to correct
the problem. This results in a quick startup araviges for an extended test when required. Incase,
failures detected by the self-test can’'t automdyiaasult in corrective actions. The single sfrimature

of the instrument (C&DH) makes automatic recovanptiacticable and in case of problems ground
intervention is required (as some workaround mélyestist). The internal self-test consists of @mber

of tests that can be performed within the envirominoé the executing real-time kernel. If more exige
test functions are required to diagnose a problbm,appropriate test functions have to be sepgratel
loaded either in RAM or EEPROM memory and can becated through the ‘start program’
telecommand. Such extended test procedures nedeerionited to running in the environment of the
real-time kernel.

The execution of the different tests within thef-se$t function is controlled by the parameter loé t
telecommand which functions as a bit-field selertthe various tests. The results of the tests are
reported in the housekeeping packet (Hk_TEST_STATU®hen the self-test command execution is
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started, all bits in this result byte will be sethen any of the steps completes without a failtine,
corresponding bit in the result word will be cledreAll these tests are deterministic tests soreéiand
the expected execution duration will be known facteof the steps.

Table 15: Self-test functions

Testcode Test Duration
0x01 Acquisition memory page 0 32 sec
0x02 Acquisition memory page 1 32 sec
0x04 Acquisition memory page window switching 7 sec
0x08 Free (unused) data RAM space 48 sec
0x10 Currently executing Code memory (checksum) S&9
0x20 Redundant parameters files (EEPROM) <1 sec
0x40 EEPROM code memory (even pages, checksun) edl8 s
0x80 EEPROM code memory (odd pages, checksum) A8 sp

The acquisition memory test functions verify thenmoey within a given page by filling the complete
page with a changing 16-bit pattern and then vigfythe contents of all memory locations. The
acquisition memory window switch test function ¥Yies the paging mechanism by filling the first 2000
words on each page with a changing pattern thagraepon the selected page and then verifying the
contents of those 1000 locations on each page.

The RAM memory test can within the executing réalet kernel only test the unused RAM memory.
Given the small memory footprint of the applicatgoftware, this means that still 86% of the avadab
general purpose RAM can be verified, so this shpu@ide a fairly good indication about the stabiis
the RAM memory. The test fills the RAM memory wil? byte long pattern, first of a shifting ‘oneica
then of a shifting ‘zero’, in between and at the ¢éime content of the memory is again verified. dt
pattern length was selected so the chances ofngissistuck data or address line are minimizeda If
more extensive memory test or a test of the RAMIusaequired, a special purpose test functionaoul
be loaded in RAM before executing the test while tperational system is temporary suspended. In
order to be able to restart the real-time kernirafompletion of the test, the contents of thedURAM
memory should be temporary saved in this case.

The code memory and the 4 EEPROM pages are chégkealculating the checksum over the code area
(0-0x7f7d) and comparing these to the pre-calcdlateecksums that are stored in the code memory
pages at address Ox7f7e. Normally this test vélisbccessful as any update of the code in EEPROM
should also include an update of the correspondregksum (a full patch will include the update foé t
checksum). The parameter file test verifies thatemts of the 3 redundant versions of the paranfiéger
that is stored there and verifying that all threpies are identical.
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Appendix A - Overview C&DH Electronics Hardware
As a reference an overview is provided of the C&Bldctronics hardware.
oLunar @ e READ T T T T TTTT C & DH Electron iEs':
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ANODE/MCP VOLTAGE, WITH I
STRIP CURRENT (X2) 1| MULTIPLIER CONVERT CLOCKA 2 s/C
DETECTOR THERMISTOR (1) ¥ DATAA 2 LVDS
1 SCIENCE | cLock SRR | SYNCHRO-
| DUAL PORT READOUT [ poara FRAMEA” 2 1 220 ¢
PHOTONS || AcaQuIsITION D @ kgﬂfﬂ GATE | VDS|| CLOCKB 2 | |paTA
MEMORY XLAT|—parag "3
I Gkx1e | " | To seriAL) [FRAME. | DATAB 2, |INTERFACE
I GATEB 2 |w2)44
i SCIENCE FRAMEB 2] |PINDD
I HANDSHAKE i "
! |
DETECTORI 1 7 CLOCKSYNCA | | 3¢
S _ﬁ Y SERAL || «—COMMANDA | | ASYNCHRO-
ACQUISITION
ELECTRONICS | sfiaking ||~ GONTROL TELEMETRY/ ||—CLEMETRYA,, | NOUS o
—l LOGIC RW| RW. COMMAND || (CLOCKSYNCB | | “oror -m
-] CONTROL & COMMAND B I | (10144
: T TRANSLATION | [ 75, EMETRY B | PIN DD
HIGH —
I ACQUISITION BROCESSOR H ~
VOLTAGE |
I CONTROL 39K RAM |
1 DETECTOR CONTROL | 32k ROM/128K |
HVPS ! HVPS CONTROL (X2) EEPROM = I
0TO-65kv |[° 1 LoGic & I
I | APERTURE DOOR STATUS TIMING I
I 1
I ACTUATOR STATUS | I
I Y R D I
APERTURE iy sty o :‘[ ---------------- I
DOOR | +5V |— SAFE/ARM
ACTUATOR I LAT be/De % INTERFACE
(LATMOTOR) [~~~ CONTROL Son. TR ,(:J,‘fd ;5D
B — SAFE,
ACTIVATION! | ELECTRONICS |« VERTER
POWER | §7 !
S | ' sc
OPTICS : 2SV/RET (AB) ::| s
HEATER HEATER INTERFACE
HEATERS + CONTROL “CONTROL pedleall o (J1)- 15 PIN
o (2x2) HEATER | S WiTeH - » CONTROL o g
8 | AcTivaTION; ACTUATOR| DRIVERS |«
g PWR | CONTROL I I
< DETECTOR DOOR, |« . |
| LVPS/Actuator Electronics|
VENT VALVE

Figure 23: LAMP C&DH Electronics block diagram
Electronic block diagram notes:

» Acquisition memory consists of 2 pages each 32k6x dne is accesses by the acquisition
hardware, the other may after the Science readoatbessed by the processor,

* One of the general termistors is mounted on the 8 (r,
- J2 consists of a single connector.

The power block diagram (Figure 24) shows the imsént configuration with the redundant instrument
and actuator power busses. The redundant instituposver busses each power a separate Low Voltage
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Power Supply (LVPS), which is directly coupled tocarresponding High Voltage Power Supply
(HVPS). The instrument detector and electroniassisd of a single string. On the actuator side, th
redundant actuator/heater power busses power thesponding actuators, except for the Aperture door

motor, this is a single string element that maybeered by either actuator power bus.

power A | CLTS B (+X)
. LVPS A HvPSA ¥
power B | { LTSA(-X)
. LVPS B HvPSB *
A A Yy
I
TM&TC | |
interface
""" Detector
@usssammsssmmsnangusnshasnnnnnnnn > M  LLTIIL »] Detector
C&DH eremsens *] Electronics
>
Aperture
—l'j— Primary Primary % door
heaters actuators
¥ ¥ >l Power
Ll‘i’l» Redundant Ll'j» Redundant®| e » Data/Control
heaters actuators * Safing plug

Figure 24: LAMP instrument power block diagram

Instrument power consumption

During integration testing power measurements @ EM model instrument were performed. The

measurements are all based on a nominal bus vafagfeVolt, performed at room temperature.

Table 16: Instrument power consumption

A-side only B-side only A+B side

current current (total current)
Instrument idle 117mA 116mA 138mA/ 4.4W
HVPS on +8mA +7TmA +10mA / +0.3W
Mirror heater +46mA/ +1.4W +47mA/ +1.4\W +93mA/ +28
Grating heater +46mA/ +1.4W +47mA/ +1.4W +93mA/ 2.
Aperture door activated (< 2 seg) +70mA +70 mA +140mA/ +4.4W
WPA activated +202mA +198 mA +379MA+6.1W
SMA peak power (<100 ms) +630mA/ +20W}  +630mA/ +20W  +1260mA)
Valve peak power (<50 ms) +444mA/ +14W  +444mAJ +14W N/A?

1) possible but only during non-nominal operations.
2) valve opening and closing at the same time doesake sense.
Blue: measured on spacecraft @ 32Volt
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The LAMP instrument can not measure it's own curidnaw or voltage of the S/C busses, but the S/C
can. The LAMP instrument — spacecraft power wiiiguch that the return current will share thenret

of both power busses (due to a single return cdiomen the aperture door motor). Therefore th€